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(54) TlUe: COMPOSITIONS AND METHODS OF DELIVERY OF PHARMACOLOGICAL AGENTS 



(57) Abstract: The present invention relates to a pharmaceutical composition comprising a pharmaceutical agent and a pharmaceu- 
^ tically acceptable carrier, which carrier comprises a protein, for example, human serum albumin and/or deferoxamine. The human 
serum albumin is present in an amount effective to reduce one or more side effects associated with administration of the pharriiaceu- 
tical composition. The invention also provides methods for reducing one or more side effects of administration of the pharmaceutical 
^ composition, methods for inhibiting microbial growth and oxidation in the pharmaceutical composition, and methods for enhancing 
^ transport and binding of a pharmaceutical agent to a cell. 
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COMPOSraONS AND METHODS OF DELIVERY OF PHARMACOLOGICAL 

AGENTS 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 
[OOOIJ This patept application claims the benefit of U.S, Provisional Patent Application 
No. 60/432,317 filed December 9, 2002, U.S. Provisional Patent Application (Attomey 
Docket No. 225519) filed December 3, 2003, U.S. Provisional Patent Application (Attomey 
Docket No. 225549) filed December 4, 2003, and U.S. Provisional Patent Application 
(Attomey Docket No. 225585) filed December 5, 2003. 

FIELD OF TtlE INVENTION 
[0002] This invention pertains to pharmaceutical compositions comprising 
pharmaceutically active agents for parenteral or other internal use, which have the efifect of 
reducing certain undesirable side effects upon administration when compared with available 
formulations of similar drugs. - 

BACKGROUND OF THE INVENTION 
[0003] It is well recognized that many drugs for parenteral use, especially those 
administered intravaiously, cause undesirable side effects such as venous irritation, 
phlebitis, burning and pain on injection, venous thrombosis, extravasation, and other 
administration related side effects. Many of these drugs are insoluble in water, and are flius 
formulated with solubilimig agents, sur&ctants, solvents, and/or emulsifiers that are 
irritating, allergenic, or toxic Vfhea administered to patients (see, e.g., Briggs et al., 
Anesthesis 37, 1099 (1982), and Waugh et al.. Am. J. Hasp. Pharmacists, 48, 1520 (1991)). 
Often, the free dmg present in the formulation induces pain or irritation upon 
administration. For example, phlebitis was observed in 50% of patients who received 
peripheral vem administration of if osf amide and vinorelbine as first-Une chemotherapy for 
advanced non-small cell lung carcinoma, (see, e.g., Vallejo et al.. Am. J. Clin Oncol, 19(6), 
584-8 (1996)). Moreover, vancomycin has been shown to induce side effects such as . 
phlebitis (see, e.g., Lopes Rocha et al., Braz. J. Infect Dis., 6(4), 196-200 (2002)). The use 
of cisplatin, gemcitabine, and SU5416 in patients with solid tumors has resulted in adverse 
events such as deep venous thromboses and phlebitis (see, e.g., Kuoien et al., J. Clin. 
Oncol, 20(6), 1657-67 (2002)), In addition, propofol, an anesflietic agent, can induce pain 
on injection, burning and vein hritation, particularly viien administered as a ledthin- 
stabilized fet emulsion (see, e.g. Tan et al., Anathesia, 53, 468-76, (1998)). Otiier drugs tiiat 
exhibit administration-associated side effects include, for example, Taxol (paclitaxel) (see, 
e.g., package insert for Taxol LV.), codarone (amiodarone hydrochloride) (see, e.g.. 
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package insert for Codarone LV.), the thyroid hormone T3 or liothyronine (commercially 
available as Triostat), thiotepa, bleomycin, and diagnostic radiocontrast agents. 
[0004] Another problem associated with the manufacture of drugs for injection, 
particularly water insoluble drugs, is the assurance of sterility. Sterile manufacturing of 
drug emulsions/dispersions can be accomplished by absolute sterilization of all the 
components before manufacture, followed by absolutely aseptic technique in all stages of 
manxifacture. However, such methods are time consuming and expensive. In addition, the. 
oxidation of drug formulations by exposure to air during manu&ctute or storage can lead to, 
for example, reduced pH, drug degradation, and discoloration, thereby destabilizmg tiie 
drug formulation and/or reducing shelf life« 

[0005] To circumvent the problems associated with administradon*related side effects 
of drug formulations, alternate formulations have been attemjrted. Witb respect to propofol, 
for exanople, methods for teducmg propofol-induced pain include increasing the fat content 
of the solvent (e.g., long chain triglycerides (LCT)), premedication, pretreatment with non- 
steroidal drugs, local anaesthetics, opioids, the addition of lidocaine, the addition of . 
cyclodextrin, and microfiltration (see, e.g,, Mayer et al,, Anaesthesisty 45(11)^ 1082-4 
(1996), Davies, et al. Anaesthesia, 57, 557-61 (2002), Doenicke, et 2l., Anaestk.Analg., 82, 
472-4 (1996), Laisen et al., Anaesthesitis 50, 842-5 (2001), Lilley et al.. Anaesthesia, 51, 
815-8 (1996), Bielen et al., Anesth Analg., 82(5), 920-4 (1996), and Knibbe et al., Br.l 
Clin. Pharmacol, 47(6), 653-60 (1999)). These formulations, however, induce other side 
effects (e.g., cardiovascular complications), or cause destabilization of propofol emulsions. 
[0006] To overcome the problem of bacterial contamination, propofol formulations 
have been developed with antibacterial agents, such as an EDTA equivalent (e.g., edetate), 
pentetate, or sulSte-containing agents, or fhey have been have been formulated with a lower 
pH(see, e.g.,U.S. Patents 5,714,520, 5,731,355, 5,731,356, 6,028,108, 6,100,302, 
6,147,122, 6,177,477, 6,399,087, 6,469,069, and hitemational Patent AppUcation No. WO 
99/39696). Since edetate and pentetate "are metal ion chelators, however, they have the 
potential to be dangerous by scavenging the essential metal ions fiom the body systeni. 
Moreover, the addition of sulphites to drug formulations presents potential adverse effects 
to the pediatric population and for those in the general population who are allergic to 
sulphur. 

[0007] Ihus, there remains a need for a composition and method that reduce or 
eliminate the side effects associated with the parenteral or in vivo administration of drugs. 
There also is a need for a pharmaceutical composition that is sterile, and methods of 
preparing such a composition. In addition, there is a need for a pharmaceutical composition 
and metiiod that reduce or eliminate oxidation of pharmaceutical formulations to prevent 
drug destabilization. 
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[0008] The invention provides such compositions and methods. Hiese and other 
advantages of the invention, as well as additional inventive features, will be apparent fix>m 
the desctiption of the invention provided herein. 

BMEF SUMMARY OF THE INVENTION 
[0009] The invention provides various embodiments of phamiaceutical compositions. 
One, some, or all of the properties of the various embodiments can be found in different 
embodiments of the invention and still fall within the scope of the appended claims. 
[0010] The invention provides a phannaceutical composition comprising a 
pharmaceutical agent and a pharmaceutically acceptable carrier, wherein the * 
pharmaceutically acceptable carrier comprises a protein, such as albumin, more preferably 
hiimansenun albumin, in an amount effective to redxice one or more sid^ • 
administration of the pharmaceutical composition into a human, and wherein the 
pharmaceutically acceptable carrier comprises deferoxamine in an amount effective to 
inhibit mioobial growth in tiie pharmaceutical composition. The invention also provides a 
phannaceutical composition comprismg a phannaceutical agent and a pharmaceutically 
acceptable carrier, wheiein the pharmaceutically acceptable carrier comprises a protein, 
sudi as albimiin, in an amount effective to reduce one or more side effects of administration 
of the pharmaceutical composition into a human, and wherem the pharmaceutically 
acceptable carrier comprises deferoxamine in an amount effective to inhibit oxidation in the 
pharmaceutical composition. 

[0011] The invention provides a method for reducing one or more side effects 
associated with administration of a pharmaceutical composition to a human comprising (a) 
administering to a human a pharmaceutical composition comprismg a phaimaceutical agent 
and a pharmaceutically acceptable carrier, wherein tiie pharmaceutically acceptable carrier 
comprises albumin and deferoxamme. Also provided are metiiods for inhibitmg microbial 
gro wtii, or for inhibiting oxidation, or for hihibiting microbial growth and oxidation in a 
pharmaceutical compositioiL These methods comprise preparing a pharmaceutical 
composition comprising a pharmaceutical agent and a pharmaceutically acceptable carrier, 
wherein the pharmaceutically acceptable carrier comprises deferoxamine in an amount 
effective for inhibiting microbial growth or in an amount effective for inhibiting oxidation 
in the phannaceutical composition. 

[0012] The invention also provides a method for enhancing transport of a 
pharmaceutical agent to the site of an infirmity, which method comprises administering to a 
human a pharmaceutical composition comprising a phannaceutical agent and a 
pharmaceutically acceptable carrier, wherein the pharmaceutically acceptable carrier 
comprises albumin, and wherein the ratio of albumin to pharmaceutical agent in the 
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phannaceutical compositLon is about 1 8:1 or less. The inveiition further provides a method 
for enhancing binding of a pharmaceiitical agent to a cell in vitro or in vivo, which method 
comprises administering to said cell in vitro or in vivo a phannaceutical composition 
compiising a pharmaceutical agent and a pharmaceutically acceptable carrier, wherein the 
pharmaceutically acceptable carrier comprises albumin, and wherein the ratio of albumin to 
pharmaceutical agent in the pharmaceutical composition is about 18:1 or less. 
[0013] The invention also provides a pharmaceutical composition comprising a 
phannaceutical agent and a pharmaceutically acceptable carrier, wherein the 
pharmaceutically acceptable carrier comprises albumin in an amoimt effective to increase 
transport of the drug to the site of infirmity in a human, and \^erein the ratio of albumin to 
phannaceutical agent is about 18:1 or less. 

[0014] The invention further provides a mefliod for increasing the transport of a 
phannaceutical agent to a cell in vitro or in vivo by combining said agent with a protein, 
wherein said protein binds a specific cell-surface receptor on said cell, wherein said binding 
of die proteui-pharmaceutical agent combination with the said receptor causes the transport 
to occur, and ^dierein the ratio of protein to phannaceutical agent is about 1 8:1 or less. 

DETAILED DESCRffTION OF THE XhTVENTION 
[0015] The invention provides a pharmaceutical composition comprising a 
phariiiaceutical agent and a pharmaceutically acceptable carrier, wherein the • . 

pharmaceutically acceptable carrier comprises a protein such as albumin, preferably human 
serum albumin, in m amount effective to reduce one or more side effects of administration 
of the pharmaceutical composition to a human, and wherein the pharmaceutically . 
acceptable carrier comprises deferoxamine in an amount effective to inhibit microbial 
growtii in the pharmaceutical composition. The invention also provides a pharmaceutical 
composition comprising a phannaceutical agent and a pharmaceutically acceptable carri^, 
wherein the pharmaceutically acceptable carrier comprises a protein such as albumin in an 
amoimt effective to reduce one or more side effects of administration of the pharmaceutical 
composition to a human, and wherein the pharmaceutically acceptable carrier comprises 
deferoxamiiie in an amount effective to inhibit oxidation in the pharmaceutical composition. 
[0016] Any suitable pharmaceutical agent can be used in the inventive pharmaceutical 
composition. Suitable phannaceutical agents include, but are not limited to, anticancer 
agents or antineoplastics, antunicrotubule agents, incununosuppressive agents, anesthetics, 
hormones, agents for use in cardiovascular, disorders, antiarrythmics, antibiotics, 
antifungals, antihypertensives, antiasthmatics, analgesics, anti-inflammatory agents, anti- 
arthritic agents, and vasoactive agents. The invention is usefiil with many other drug 
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classes as wdl. More specifically, suitable phaimaceutical agents include, but are not 
limited to, taxanes, (e,g., Taxol® (paclitaxel), and taxotere™ (docetaxel)), epoMones, 
camptotbecin, colchicine, amiodarone, thyroid hormones, vasoactive peptides (e.g., 
vasoactive intestinal peptide), amphotericin, corticosteroids, propofol, melatonin, 
cyclosporine, rapamycin (sirolimus), tacrolimus, mycophenolic acids, ifosfamide, 
vinorelbine, vancomycin, gemcitabine, SU5416, thiotepa, bleomycin, diagnostic 
radiocontrast agents, and derivatives thereof. Other drugs that are useful in the inventive 
composition are described in, for example, U.S. Patent 5,916,596 and co-pendmg U.S. 
Patent Application No. 09/446,783. Preferably, the phaimaceutical agent is propofol, 
paclitaxel, or docetaxel. More preferably, the phaimaceutical agent is propofol or 
paclitaxeL Most preferably, the pharmaceutical agent is propofol. 
[00171 Taxol® ^mclitaxel) (Bristol-Myers Squibb) is active against carcinomas of the 
ovary, bieas^ lung, esophagus and head and neck. Taxol, however, has been shown to 
induce toxicities associated with admmistration, as well significant acute and cumulative 
toxicity, such as myelosuppression, neutropenic fever, anaphylactic reaction, and peripheral 
neuropathy. Because paclitaxel is poorly soluble in \?vater, cremophor typically is used as a 
solvent, requiring large infusion volumes and^special tubing and filters. Cremophor is 
associated with side effects that can be severe, including anaphylaxis and other 
hypersensitivity reactions that can require pretreatment with corticosteroids, antihistammes, 
and Hz blockers (see, e.g., Gelderblom et al., Eur. J, of Cancer, 37, 1590-1598, (2001)). 
Taxotere™ (docetaxel) is used in treatment of anthracycline-resistant breast cancer, but also 
has previously been shown to induce side effects of hypersensitivity and fluid retention that 
can be severe. Epothilone (and derivatives thereof) also typically is administered in 
cremophor, and has been shown to induce severe neutropenia, hypersCTsitivity, and 
neuropatiiy. 

[0018] Propofol ^,6-diisopropylphenol) is a hydrophobic, water-insoluble oil, vMch is 
widely used as an intravenous anesthetic agent to induce and maintain general anesthesia 
and sedation of humans and animals. Propofol typically is administered directiy into the 
bloodstream and crosses the blood-brain barrier. Pharmaceutical compositions comprising 
propofol must have suflBcient lipid solubility to cross this barrier and depress the relevant 
mechanisms of the braiiL Propofol has a maximum solubility in water of 1 ,0 +/-0.02 pM at 
22.5 X (see, e.g., Tonner et al.. Anesthesiology, 77, 926-931 (1992)). As such, propofol is 
generally formulated as an emulsion containing solubilizing agents, surfactants, solvents, or 
as an oil-in-water emulsion (see, e.g., U.S. Patents 6,150,423, 6,326, 406, and 6,362,234). 
In addition to the active pharmaceutical agent, the compositions of the present invention 
include pharmaceutical carriers, or excipients. The choice of carrier is not necessarily 
critical, and any of the carriers known in the art can be used in the compositiocu The choice 
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of cairier is preferably deteimme^ 

pharmaceutical composition is to be administeied and the particular method used to 
administer the phannaceuticalcompositioii. Preferably, the pharmaceutic^y acceptable 
carrier comprises proteins. Any suitable protein can be used Examples of suitable proteins 
include, but are not limited to albumin, immunoglobulins including IgA, lipoproteins, 
apolipoprotein B, beta-2-macroglobuIin, thyroglobulin and the like. Most preferably, the 
pharmaceutically acceptable carrier comprises albmnin, most preferably human serum 
albiraiin. Proteins, includmg albumin, suitable for the invention may be natural m origm or 
synthetically prepared. 

[0019] Human serum albumin (HS A) is a highly soluble globular protein of Mr 65K and 
consists of 585 amino acids. HSA is the most abundant protein in the plasma and accounts 
for 70-80 % of the colloid osmotic pressure of human plasma. The amino add sequence of 
HSA contmns a total of 17 disulphide bridges, one free thiol (Cys 34), and a singje 
tryptophan (Tip 214). Intravenous use of HSA solution has been indicated for the 
prevention and treatment of hypovolumic shock (see, e.g., Tullis, JAMA, 237, 355-360, 460- 
463, (1977)) and Houser et al., Surgeiy, Gynecology and Obstetrics, 150, 811-816 (1980)) 
and in conjunction with exchange transfusion in the treatment of neonatal 
hyperbilirubinemia (see, e.g., Finlayson, Seminars in Thrombosis and Hemostasis, 6, 85- 
120,(1980)). 

[0020] Human serum albumin (HSA) has multiple hydrophobic binding sites (a total of 
eight for fatty acids, an endogenous iigand of HSA) and buids a diverse set of drugs, 
especially neutral and negatively charged hydrophobic compounds (Goodman et al.. The 
Pharmacological Basis of Therapeutics, 9^ ed, McGraw-Hill New York (1996)). Two higih 
afSnity binding aites have beai proposed in subdomains HA and niA of HSA, "v^ch are 
highly elongated hydrophobic pockets with charged lysine and arginine residues near flie 
sur&ce vdiich function as attachment points for polat ligand features (see, e.g., Fehske et 
al., Biochem. PharmcoL, 30, 687-92 (1981), Vorum, Dan. Med Bull, 46, 379-99 (1999), 
Kragh-Hansen, Dan. Med Bull, 1441, 131-40 (1990), Curry et al., Nat Struct Biol, 5, 
827-35 (1998), Sugio et al.. Protein, Eng., 12, 439-46 (1999), He et al., Nature, 555, 209-15 
(1992), and Carter et al.. Adv. Protein. Chem,, 45, 1 53-203 (1994)). Paclitaxel and propofol 
have been shown to bmd HSA (see, e.g., Paal et al., Eur. J. Biochem., 268(7), 2187-91 
(2001), PurceU et al., Biochim. Biophys. Acta, 1478(1), 61-8 (2000), Altmayer et al., 
Arzneimittelforschung, 45, 1053-6 (1995), and Garrido et al., iJev. Esp. AnestestioL 
Reanim., 41, 308-12 (1994)). In addition, docetaxel has been shown to bmd to human 
plasma protems (see, e.g., Urien et al.. Invest New.Drugs, 14(2), 147-51 (1996)). Thus, 
while not wishing to be bound to any particular theory, it is believed that the inclusion of 
proteins such as albumin in the inventive pharmaceutical compositions results in a reduction 
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in side efifects associated with administration of tte phannaceutical composition tiiat is due, 
at least in part, to the binding of hiunan serum albumin to any fi:ee drug that is present in the 
cdnq)osition* 

[0021] The amount of albumin included in the phannaceutical composition of the 
present invention will vaiy depending on the phannaceutical active agent, other excipients, 
and the route and site of intended administration. Desirably, the amount of albumin 
included in the composition is an amount effective to reduce one or more side effects the 
.active pharmaceutical agent due to the of administration of the inventive phannaceutical 
composition to a human. Typically, the pharmaceutical composition is prepared in liquid 
form, and the albumin is then added in solution. Preferably, the pharmaceutical 
composition, in liquid form, comprises from about 0.1% to about 25% by weight (e.g. about 
0.5% by weight, about 5% by weight, about 10% by weight, about 15% by weight, or about 
20% by weight) of albimdiL Most preferably, the pharmaceutical composition, in liquid 
form, comprises about 0.5% to about 5% by wei^t of albumin. The pharmaceutical 
composition can be dehydrated, for example, by lyophilization, spray-drying, fluidiz€Nl-bed 
drying, wet granulation, and other suitable methods known in the art When the 
composition is prepared in solid form, such as by wet granulation, fluidized-bed dryiiig, and 
other methods known to tiiose skilled in the art, the albumin preferably is applied to me 
active phannaceutical agent, and other excipients if present, as a solution. The HSA 
solution preferably is from about 0.1% to about 25% by weight (about 0.5% by weight, 
about 5% by weight, about 10% by weight, about 15% by weight, or about 20% by weight) 
of albumin. 

[0022] In addition to albmnin, the compositions of the present invention preferably 
comprise deferoxamine. Deferoxamine is a natural product isolated from Streptomyces 
pilostis, and is capable of forming ii'on complexes. Deferoxamine mesylate for injection 
USP, for exan^le, is approved by the Food and Drug Administration as an iron-^^helating 
agent and is available for intramuscular, subcutaneous, and intravenous administration. 
Deferoxamine mesylate USP is a white to off-white powder. It is freely soluble in water 
and its molecular weight is 656.79. The chemical name for deferoxamine mesylate is N-[5- 
[3-[(5-amin<q)entyl)-hydroxycarbamoyl]-propion-'auiido]pentyl]-^ 
hydroxyacetamido)pentyl]-carbamoyl]propionohydroxainic acid monomethanesulfonate 
(salt), and its structural formula is C25H48N6O8.CH3SO3H. As described in the Examples, 
deferoxamine, or analogs, derivatives, or salts (e.g., mesylate salts) thereof inhibits 
microbial growth and oxidation in the pharmaceutical composition, and it is believed to 
bind to fi^ee drug in the composition. Deferoxamine also has been shown to bind to 
phenolic compounds (see, e.g., Juven et al., J. AppL Bacteriol, 76(6), 626-31 (1994)). 
Paclitaxel, docetaxel, propofol, and the like, are either phenolic like or have phenolic or 
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phenyl substituents. Therefore, it is believed that deferoxsaxoine can bind to or reduce the 
amount of firee drug in the inventive phaimacciutical composition, thereby also ledudng or 
alleviating irritation or pain upon injection. 

[0023] The amount of deferoxamine, or its preferred salt, i.e., a mesylate salt of 
deferoxamine, included in the composition will depend on the active pharmaceutical agent 
and other excipients. Desirably, the amount of deferoxamine, its salts, and analogs thereof 
in the composition is an amount effective to inhibit microbial growth and/or inhibit 
oxidation. As described above, typically the pharmaceutical composition is prepared in 
liquid fonn, and deferoxamine, it salts, and analogs thereof, is then added in solution. 
Preferably, the pharmaceutical composition, in liquid form, comprises fi:om about 0.00bl% 
to about 0.5% by weigjht (e.g., about 0.005% by weight, about 0.1%, or about 025% by 
weight) of deferoxamine, its salts, or its analogs. More preferably, the composition, in \ 
Uquidfonn,conaprises like amounts of the preferred defen)xamine salt, - 
mesylate. Most preferably, the phamiaceutical composition, in liquid fohn, comprise 
about 0, 1% by weight of deferoxamine mesylate. When the composition is prepared in 
soUd form, as described above, such as by wet granulation, £luidized-bed drying, and other 
methods known to those skilled in the art, deferoxamine mesylate preferably is applied to 
the active pharmaceutical agent, and other excipients if present, as a solution. The 
deferoxamine mesylate solution prefembly is from about 0.0001% to about 0.5% by Weight 
(e.g., about 0.005% by weight, about 0 J%, or about 0.25% by weight) of deferoxamine. 
[0024] In keeping with the invention, the pharmaceutical composition can includb other 
atgents , exdpients, or stabilizers to improve properties of the composition. For example, to 
increase stability by increasing the negative zeta potential of nanoparticles or nanodroplets,^ 
certain negatively charged components may be added. Such negatively charged 
components include, but are not limited to bile salts of bile acids consisting of g^ycocholic 
acid, cholic acid, chenodeoxycholic acid, taurocholic acid, glycochenodeoxycholic acid, 
taurochenodeoxycholic acid, litochoiic acid, ursodeoxychoUc acid, dehydrocholic acid and 
others; phosphoUpids including Lecithin (Egg yolk) based phospholipids which include the 
following phosphatidylcholines : palmitoyloleoylphosphatidylcholine, 
palmitoyilinoleoylphosphatidyicholine , stearoyllinoleoylphosphatidylcholine 
stearoyloleoylphosphatidyicholine, stearoylarachidoylphosphatidylcholine, and 
dipalmitojdphosphatidylchoUne. Other phospholipids including L-a- 
dimyiistoylphosphatidylcholine (DMPC), dioleoylphosphatidylcholme (DOPQ, 
distearyolphosphatidylcholine (DSPC), hydrogenated soy phosphatidylcholine (HSPC), p- 
a-phosphatid^choline, p-acetyl«Y-0-hexadecyl, L"<i-phosphatidyIcholine, p-acetyl-y-O-. 
hexadec]d, DL-a-phosphatidylcholine, P-acetyl-y-O-hexadecyl, L-d-phosphatidylchbline, 
P-acetyl-y-O-octadecyl, L-a-phosphatidylcholine, P-arachidonoyl-y-O-hexadecyl, L-a- 
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phosphatidylcholine, P-acetyl-Y-0-(octadec-9-cis-enyl), b-a-phosphatidylcholine, p- 
aFachidonoyl-Y-O-pahiutoyl, 3-sh-phosphatidylcholme, 2-arachidmoyl-l-stearoyl, L-a- 
phosphatidylcholine, p-arachidonoyl-Y-stearoyl, L-a- phosphatidylcholine, diarachido^, L- 
a-phosphatidyldioline, dibehenoyl, L-a-phosphatidylcholine, 3«<cis-8,l 1,14- 
eicosatrienoyl)-Y-0-hexadecyl, L-a-phosphatidylcholine, p-oleoyl-Y-myristoyl, LrO- 
phosphatidylcholine, P-(pyren-l-yl)decanoyI-Y-paImitoyl, 3-sn-phosphatidyl-N,N- 
dunediylethanolamine, l,2-4ipalmitoyl, L-a-phosphatidylethanolamine, diheptadecanoyl, 3- 
sn-phosphatidylethanolamine, 1,2-dilauroyI, 3-sn-phosphatidyletiianolamine, IJl- 
dimyristoyl, 3-sn-phosphatidylethanolamine, 1,2-dioleoyl, 3-sn-pho^hatidylethanolaniine, 
l^-dipahnitojd, L-<3-phosphatidylethanolamine, dipalmitoyl, L-a- 
phosphatidylethanolamine, dipalmitoyl, N-dansyl, L-a-phosphatidylethanolamine, 
dipalmitoyl, N,N-dimethyl, L-a-dimyristoylphosphatidylglycerol (sodium salt) (DMPG), 
dipalmitoylphoq)hatidylglycerol (sodiimi salt) ODPPG), distearoylphd^^hatidylglycerbl 
(sodimn salt) (DSPG), N-(carbonyl-methoxypolyethylene glycol 2000)-l,2-distearoyl-ffli- 
glycero-3-phosphoetfaanolamine sodium (MPEG-DSPE), L^x-phosphatidic add, didecanoyl 
sodium salt, L-<x-phosphatidic acid, diheptadecanoyl sodium sail, 3-sa-phosphatidic iadid, 
1,2-dimyristoyJ sodium salt, L-a-phosphatidic acid, dioctanoyl sodium salt, L-a- 
phosphatidic acid, dioleoyl sodium salt, L-a-phosphatidic acid, dipahnitoyl sodium salt, L- 
, Q-Phosphatidji-DL-glycerol, dimyristoyl sodium salt, L-a-phosphatidyl-DL-glycerol, 
dioleoyl sodium salt, L-a-phosphatidyl-DL-glycerol, dipalmitoyl ammonium salt, L-a- 
phosphatidyl-DL-glycerol, distearoyl ammonium salt, L-a-phosphatidyl-DL-glycerol, (3- 
oleoyl-Y-palmitoyl anamonium salt, L-a-phosphatidylinositol ammonium salt, L-a- 
phosphatidylino^tol sodium salt, L-a-phosphatidyl-L-serine, dioleoyl sodium sall^ L-d- 
phosphatidyl-L-serine, and dipalmitoyl sodium salt Negatively charged sur&ctant^ of 
emulsifiers are also suitable as additives, e.g., sodium choleater^ sulfate and the like. 
[0025] The pharmaceutical agent (e.g., propofol) may be used alone or dissolved in a 
water-immiscible solvent. A wide range of water-immiscible solvents such as soybean, 
safflower, cottonseed, com, sunflower, arachis, castor, or olive oil may be used The 
preferred oil is a vegetable oil, wherein soybean oil is most preferrei Soybean oil may be 
used in a range of 1% to 1 0% by weight of the composition. Preferably soybean oil is 
present in the pharmaceutical composition in an amount of about 3% by weigjit . 
[0026] The inventive pharmaceutical composition can be stabilized with a 
pharmaceutically acceptable surfactant. The term "surfactants,** as used herein, refdrs to 
surface active group(s) of amphiphile molecules. Surfactants can be anionic, cationic, 
nonionic, and zwitterionic. Any suitable surfactant can be included in the inventive 
pharmaceutical composition. Suitable surfactants include non-ionic surfactants such as 
phosphatides, polyoxyelhylene sorbitan esters, and tocopheryl polyethylene glycol 
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sucdnate. Preferable sm&ctants are egg leciibin, tween 80, and vitamin E-t d-a-tocbpheryl 
polyettxylene glycol-1000 succinate (TPGS). For soybean oil containing formulations, egg 
lecithin is preferred and is no more than 1 «2% by weight for a formulation containing 3% 
soybean oil, preferably at 1.1% by weight of the composition For formulations without 
soybean oil, tween 80 or vitamia E-TPGS are the preferred surfactants. Typically, 0.1 to 
1.5% by weight of tween 80 or 0.5 to 4% by weight of vitamin E-TPGS is suitable. 
Preferably, 1 .5% by weight of tween 80 or 1 % by weight of vitamin E-TPGS is used. 
Examples of other suitable surfactants are described in, for example, Becher, Emulsions: 
Theory and Practice, Robert E. Krieger Publishing, Malabar, Fla. (1965). 
(00271 There are a wide.variety of suitable formulations of the inventive pharmaceutical 
composition (see, e.g., U.S. Patent 5,916,596). The following formulations and methods are 
merely exemplary and are in no way limiting. Formuladons suitable for oral administration 
can consist of (a) liquid solutions, such as 9n effective amount of the compound dissolved in 
diluents, such as water, saline, or orange juice, (b) capsules, sachets or tablets, each 
containing a predetermined amount of the active ingredient, as solids or granules, (c) 
suspensions in an appropriate liquid, and (d) suitable emulsions. Tablet forms can include 
one or more of lactose, mannitol, com starch, potato starch, microcrystalline cellulose, 
acacia, gelatin, colloidal silicon dioxide, croscarmellose sodium, talc, magnesium stearate, 
stearic acid, and other excipients, colorants, diluents, buffering^ents, moistening agents, . 
preservatives, flavoring iagents, and pharmacologically compatible excipients. Lozenge 
forms can comprise the active ingredient in a flavor, usually sucrose and acacia or 
tragacantfa, as well as pastilles comprising the active ingredient in an inert base, sUich as 
. gelatin and glycerin, or sucrose and acacia, emulsions, gels, and the like containing, in 
addition to Ihe active ingredient, such excipients as are known in the art 
[0028] Formulations suitable for parenteral administration include aqueous and non- 
aqueous, isotonic sterile injection solutions, which can contain anti-oxidants, bufif^, 
bacteriostats, and solutes that render the formulation isotonic with the blood of the intended 
recipient, and aqueous and non-aqueous sterile suspensions that can include suspending 
agents, solubilizers, thickening agents, stabilizers, and preservatives. The formulations can 
be presented in unit-dose or multi-dose sealed containers, such as ampules and vials, and 
am be stored in a freeze-dried (lyophilized) condition reqxiiring only the addition of the 
sterile liquid excipient, for example, water, for injections, immediately prior to use. 
Extemporaneous injection solutions and suspensions can be prepared from sterile powders, 
granules, and tablets of the kind previously described. Injectable formulations are preferred. 
[0029] Formulations suitable for aerosol administration comprise-lhe inventive 
pharmaceutical composition include aqueous and non-aqueous, isotonic sterile solutions, 
vduch can contain anti-oxidants, buffers, bacteriostats, and solutes, as well as aqueous and 
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non-aqueous sterile suspensioiis that can include suisfpending agents, solubilizets, thickening 
agents, stabilizers, and preservatives, alone or in combination with other suitable 
components, which can be made into aerosol formulations to be administered via inhalation. 
These a^sol formulations can be placed hito pressurized acceptable propellants, such as 
dichlorodifluoromethane, propane, nitrogen, and the lilce. They also can be formulated as 
pharmaceuticals for non-pressured prepamtions, such as in a nebulizer or an atomizer. 
[0030] Other suitable formulations are possible, for example, suppositories can be 
prepaid by use of a variety of bases such as emulsifsring bases or water-soluble bases. 
Formulations suitable for vaginal administration can be presented as pessaries, tampons, 
creams, gels, pastes, foams, or spray formulas containing, in addition to the active 
ingredient, such carriers as are known in the art to be appropriate. 
[0031] In a preferred embodiment of the mvention, the pharmaceutical composition is 
formulated to have a pH range of 4.5 to 9.0, and more preferably apH of 5.0 to 8.0. The 
pharmaceutical conqposition can also be made to be isotonic with blood by the addition of a 
suitable tonicity modifier, such as glycerol- Moreover, the phannaceutically acceptable 
carrier preferably also comprises pyrogen-fi-ee water or water for iiijection, USP. 
Preferably, the inventive pharmaceutical composition is prepared as a sterile aqueous 
formulation, a nanoparticle, an oil-in-water emulsion, or a water-in-oil emulsion. Most 
prefembly, the pharmaceutical composition is an oil-in-water emulsion. 
[0032] For a pharmaceutical composition comprising propofol, in accordance with the 
invention, an oil-in-water emulsion is prepared by dissolving propofol in a water- 
immiscible solvent alone, and preparing an aqueous phase containing albumin, 
deferoxaihine, a surfactant, and other water-soluble ingredients, and mixing the oil with the 
aqueous phase. The crude emulsion is high pressure homogemzed at pressures of 10,000 to 
25,000 psi and recirculated for 5 to 20 cycles to form an ideal emulsion. The preferred 
pressure is 15,000 to 20,000 psi., and more preferably 10,000 psi. ITie crude emulsion may 
be recirculated fix>m 7 to 1 5 cycles and is preferably recirculated at 15 cycles. 
Alternatively, discrete passes through a homogenizer may be used. 
[0033] Preferably, the inventive pharmaceutical composition can have a particle or 
droplet size less than about 200 nanometers (nm). For example, in the case of paclitaxel, 
docetaxel, rapamycin, cyclosporine, propofol and others, the mean size of tiiese dispersions 
is less than 200 nm. 

[0034] ITie invention further provides a method for reducmg one or more side effects 
associated with administration of a pharmaceutical composition to a human. The method 
comprises administering to a human a pharmaceutical composition comprising a 
pharmaceutical agent and a pharmaceutically acceptable carrier, herein the 
pharmaceutically acceptable carrier comprises albumin and deferoxamine. Descriptions of 
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the pharmaceutical composition, pharmaceutical agent, and pharmaceutically acceptable 
carrier, and components thereof set forth above in connection with the inventive 
pharmaceutical composition, also are applicable to those same aspects of the inventive 
method. 

[0035] The dose of the inventive pharmaceutical composition administered to a human, 
in the context of the invention, will vary with the particular pharmaceutical composition, the 
method of admmistration, and the particular site bemg treated. The dose should be 
sufficient to effect a desirable response, such as a ther^eutic or prophylactic response 
against a particular disease, or, when the pharmaceutical agent is an anaesthesia, such as 
piopofol, an anesthetic response, within a desirable time frame. 

[0036] While any suitable means of administering the pharmaceutical conq)Osition to 
the human can be used within the context of the invention, preferably the inventive • 
pharmaceutical composition is administered to the human via intravenous administration, 
intta-arteiial administcation, intrapulnionary administration, oral administration, inhalation, 
intravesicular administration, intramuscular admmisttatibn, intra^tracheal administration, 
subcutaneous administration, intraocular administration, intrathecal administration, or 
transdermal administratioh. For example, the inventive pharmaceutical com^sition can be 
administered by inhalation to treat conditions of the resphatory tract There are minimal 
side-effects associated with the inlialation of the inventive pharmaceutical composition, as 
albumin is a natural component in the lining and secretions of the respiratory tract. The 
inventive composition can be used to treat respiratory.conditions such as pulmonary 
fibrosis, brpncheolitis obliterans, lung cancer, bronchoalveolar carcinoma, and the like. 
[0037] The inventive method results in the reduction of one or more side effects 
associated with administration of a pharmaceutical composition to a human. Such side 
effects include, for example, myelosuppression, neurotoxicity, hypCTsensitivity, 
inflammation, venous irritation, phlebitis, pain, skin irritation, and combmationis thereof. 
These side efifects, however, are merely exemplary, and other side effects, or combination of 
side effects, associated with various pharmaceutical agents can bis reduced or avoided by the 
use of the novel compositions and methods of the present invention. 
[0038] The invention flirther provides a method for inhibiting microbial growfli m a 
pharmaceutical composition. By "inhibiting microbial growth" is meant either a complete 
elunination of microbes from the pharmaceutical composition, or a reduction in the amount 
or rate of microbial growth in the phai-maceutical composition. The method comprises 
preparing a pharmaceutical composition comprising a pharmaceutical agent and a 
pharmaceutically acceptable carrier, wherein the pharmaceutically acceptable carrier 
comprises deferoxamine, its salts, its analogs, and combinations thereof in an amount 
effective for inhibiting microbial growth in the pharmaceutical composition. In addition. 
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the invention provides a method for inliibittng oxidation of a pharmaceudcal composition. 
This method comprises preparing a pharmaceutical composition comprising a 
pharmaceutical agent and a pharmaceutically acceptable carrier, \;sdierein the 
pbarmaceutically acceptable carrier comprises deferdxamme, its salts, its analogs, and 
combmadons thereof in an amount effective for inhibiting oxidation of the pharmaceutical 
composition. Descriptions of the pharmaceuticd composition, pharmaceutical agent, arid 
pharmaceuticaily acceptable carrier, and components thereof set forth above in connectioii 
with the inventive pharmaceutical composition, also are applicable to those same aspects of 
the inventive method 

[0039] The amount of deferoxamine, or its preferred salt, a mesylate salt of 
deferoxamine, included in the composition will depend on the active pharmaceutical agent 
and other racipients. Desirably, the amount of deferoxamine, its salts, and analogs thereof 
in the composition is an amomt effective to inMbit microbial growth and/or inhibit 
oxidatioa As described above, typically, the pharmaceutical composition is prepared in 
liquid form, and deferoxamme, it salts, and analogs thereof is then added in solution. 
Preferably, the pharmaceutical composition, in liquid foim, comprises fiom about 0.0001% 
Id about 0:5% by weight (e.g., abbut 0.005% by weight, about 0.1%, or about 0.25% by . 
weight) of deferoxamine, its salts, or its analogs. More preferably, the composition, in 
liquid form, comprises like amounts of the preferred deferoxamine salt, deferoxamine 
mesylate. Most preferably, the pharmaceutical composition, in liquid form, comprises 
about 0.5% by weigjit of deferoxamine mesylate. When the composition is prepared in 
solid form, as described above, such as by wet granulation, fluidized-bed drying, and other 
methods known to those skilled in the art. deferoxamine mesylate preferably is applied to 
the active pharmaceutical agent, and otlier excipients if present, as a solution. The 
deferoxamine mesylate solution preferably is from about 0.0001% to about 0.5% by Wdght 
(e.g., about 0.005% by weight, about 0.1%, or about 0.25% by weight) of deferoxamine. 
[0040] The invention also provides a method for enhancing transport of a 
pharmaceutical agent to the site of an infirmity, which method comprises administering to a 
human a pharmaceutical composition comprising a pharmaceutical agent and a 
pharmaceutically acceptable carrier, wherein the pharmaceutically acceptable carrier 
comprises albumin, and wherein the ratio of albumin to pharmaceutical agent in the 
pharmaceutical composition is about 18: 1 or less. The invention further provides a method 
for enhancing binding of a pharmaceutical agent to a cell in vitro or in vivOy which mdhod 
comprises administering to said cell in vitro or in vivo a pharmaceutical composition . 
comprising a pharmaceutical agent and a pharmaceutically acceptable carrier, vdiereui the 
pharmaceutically acceptable carrier comprises albumin, and wherein the ratio of albumin to 
pharmaceutical agent in the pharmaceutical composition is about 18:1 or less. Descriptions 
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of the phannaceudcal composition, pharmaceutical agent, phannaceutically acceptable 
canier» administiation routes, and components thereof set forth above in connectioiL with 
the inventive pharmaceutical composition and inventive method also are qsplicable to those 
same aspects of the transport and binding methods. 

[0041] . In the methods for enhancing transport of a pharmaceutical agent to the site of an 
mfirmity or for enhancing binding of a pharmaceutical agent to a cell, tiie phannaceutically 
acceptable carrier preferably comprises albumin, most preferably human serum albumin. 
Not to adhere to any one particular theory, it is believed that the ratio of protein, e.g., human 
serum albumin, to pharmaceutical agent in the pharmaceutical composition affects the 
ability of the pharmaceutical agent to bind and transport the pharmaceutical agent to a cell. 
In this regard, higher ratios of protein to pharmaceutical agent generally are associated with 
poor cell bindmg and transport of the phamiaceutical agent, which possibly is the result of 
competition for receptors at the cell surface. The ratio of protein, e.g., albumin, to active 
pharmaceutical agent must he such that a suf&cient amount of pharmaceutical agent binds 
to, or is transported by, the cell. Exemplary ranges for protehi-drug preparations are protein 
to drugrafios(w/w) of 0.01:1 to about 100:1. More preferably, the ratios are in the range of 
0.02:1 to about 40:1. While the ratio of protein to pharmaceutical agent will have to be 
optimized for different protein and pharmaceutical agent combinations, generally the ratio . 
of protein, e.g., albimiin, to pharmaceutical agent is about 18:l-or less (e.g., about 15:1, 
about 10:1, about 5:1, or about 3:1). More preferably, the ratio is about 0.2:1 to about 12:1. 
Most preferably, the ratio is about 1 :1 to about 9:1. Preferably, the formulation is 
essentially free of cremophor, and more preferably free of Cremophor EL® (BASF). 
Ciemophor EL® is a non-ionic emulsifying agent that is a polyether of castor oil and 

■ ethylene oxide. As described above, cremophor typically is used as a solvent for paditaxel, 
and is associated with side effects that can be severe (see, e.g., Gdderblom et aL, stqjfra)^ 
[0042] The pharmaceutical agent can be any suitable pharmaceutical agent described 
herein (e,g.,piopofol,paclitaxel, or docetaxel). In addition, the pharmaceutical agent Can 
be a nucleic acid sequence, most preferably a DNA sequence. In this regard, the inventive 

. pharmaceutical composition can be used to transport genes to a cell by way of a receptor 
mediated/caveolai/vescicular transport. In order to transport DNA sequoaces, such as genes 
or other genetic material, mcluding but not limited to plasmids or c-DNA, mto a cell (e.g. an 
endothelial cell or a tumor cell), pharmaceutical compositions comprising albxunin in 
cbmbmation with genetic material can be prepared. Since tumor cells and other cells in 
sites of inflammation have high uptake for proteins, the genetic material is preferentially 
taken up into these cell types and may be i ncorporated into the genetic material of the cell 
for a usefid therapeutic effect. The use of proteins, such as human serum albumin, serves as 
a non-viral vector for the delivery of genetic material without the risk of vfrus-associated 
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diseases or side effects. For example, a pliaimaceutical composition comprising the niicleic 
acid sequence encodiag p-galactosidase or green fluorescent piotein (GFP) and albumin can 
be prepared and contacted witb endothelial cells derived fiom human umbilical vein or 
human lung mictovessels to &cilitate incorporation of the nucleic acid sequence into the 
endothelial cells. Incoiporation of the nucleic acid sequence can be detected using methods 
known in the art, such as, for example, fluorescence or staining. 

[0043] In the inventive method for enhancing transport of a pharmaceutical agent to the 
site of an infirmity, the infirmity can be any suitable disease or condition. Preferably, the 

. infirmity is cancer, cardiovascular disease, or arthritis. 
[0044] In the inventive method for enhancing binding of a pharmaceutical agent to a 

- cell in vitro or in vivo, the pharmaceutical composition is administered to a cell in vitro or in 
vivo. Desirably, the cell is an animal cell. More preferably the cell is a mammalian cell, 
and most preferably the cell is a human cell. The pharmaceutical composition preferably is 
administered to a cell in vivo. The cell can be any suitable cell tiiat is a desirable target for 
administration of the pharmaceutical composition. For example, the cell can be located m 
or derived &om tissues of the digestive system including, for example, tiie esophagus, 
stomach, small intestine, colon, rectum, anus, liver, gall bladder, and pancreas. The cell 
also can be located in or derived firom tissues of the respiratory system, including, for 
example, the larynx, lung, and bronchus. The cell can be located in or derived feom^ for 
example, the uterine cervix, the uterine corpus, the ovary vulva, the vagina, the prbistate, the 
testis, and the penis, which make up the male and female genital systems, and the urinary 
bladder, kidney, renal pelvis, and m^ter, which comprise the iirinary system. The cell can 
be located in or derived from tissues of the cardiovascular system, including, for example, 
endothelial cells and cardiac muscle cells. The cell also can be located in or derived from 
tissues of the lymphoid system (e.g., lymph cells), the nervous system (e.g., neurons or glial 
cells), and the endocrine system (e.g., thyroid cells). Preferably, the cell is located in or 
derived fi'om tissues of the cardiovascular system. Most preferably, the cell is an 
endothelial cell. In the context of the inventive method for enhancing transport and . 
enhancing binding of a pharmaceutical agent to a cell, the pharmaceutical compo^tioh 
desirably contacts more than one cell. 

[0045] In anotiier aspect of the invention, the inventive methods for enhancing transport 
and enhancing binding of a pharmaceutical agent to a cell can be used to treat tumor cells. 
Tumor cells exhibit an enhanced uptake of proteins including, for example, albumin and 
transfOTin, as compared to normal cells. Since tumor cells are dividing at a r^id rate, they 
require additional nutrient sources compared to normal cells. Tumor studies of the 
inventive pharmaceutical compositions containing paclitaxel and human serum alburmn 
showed high uptake of albumin-paclitaxel into tumors. This has been found to be due to the 
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previously tmiecognized phenomenon of the albumin-drug transport by glycoprotein 60 
("gp60") receptors, which are specific for albumin. 

[0046] Thus, in accordance with another aspect of the present invention, the albumin- 
specific gp60 receptor and other protein transport receptors that are present on tumor cells 
can be used as a target to inhibit tumor growth. By blocking this gp60 receptor using 
antibodies against the gp60 receptor or other large or small nlolecule compoimds that bind, 
block, or mactivate gp60 and other protein transport receptors on tumor cells or tumor 
endothelial cells, it is possible to block the transport of proteins to these cells and thereby 
reduce tiieir growth rale and cause cell death. Blocking of this mechanism thus results in 
the treatment of a subject (e.g., a human) with cancer or another disease. Identification of 
blockmg/binding of the specific protein receptor is done by screening any number of 
compounds against the isolated gp60 or other receptors, such as gpl6 orgp30, or by using a 
v^ole cell preparatioxL In addition, suitable animal models also can be used for this 
purpose, such as, for example, mice containing "knock-out" mutations of the genes 
encoding gp60 or caveolin-1 , or other proteins that are specific for transport Thus, method 
of identification of compounds that block or bind gp60, gpl6, gp30, or other protein 
receptors are within the scope of the invention. 

[0047] In addition, compounds that block or bind the gp60 receptor or other protein 
r^:eptors can be used in the treatment of several diseases, including cancer. With respect to 
the treatment of cancer, the blocking or binding compound may be used as a single agent or 
in combination with other standard chemotherapy or chemotherapies. For example, it is 
useful to treat the cancer with conventional chemotherapy, or with the inventive albumm- 
drug pharmaceutical compositions (which show liigh accumulation in tumors), followed by 
compounds that block the transport of proteins to the tumor cell. Bloddng compounds can 
be administered prior to, or in conjunction with, other chemothen^utic or anticancer 
agents. Thus, any compounds that can block or bind the gp60 receptor, or other protein 
rieceptors, are within the scope of the present invention. 

[0048] The inventive albumin-drug compositions, such as e.g., albumin-paclitaxel, 
albumin-docetaxel, albumin-epotliilone, albiimin-camptothecin, or albumin-rapamycin, and 
others, are usefiil in the treatment of diseases. It is believed that such drug compositions are 
effective due to increased receptor mediated transport of the protein-drug composition to the 
requited site, for example a tumor. Without wishing to be bound to any particular theory, 
the transport of aprotein-dnig composition by receptor mediated transport resulting in a 
therapeutic effect is believed to be the mechanism for transport of for example, albumm- 
pacUtaxel compositions to a tumor, as well as albumin-paclitaxel and albmnin-rapamycin 
transport across the lung. Transport is effected by the presence of gp60, gpl6, or gp30 in 
such tissues. .Accordingly, dnigs and protein-drug compositions whose transport to sites of 
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disease, e.g., iirflainmation (e.g., arthritis) or tumors is associated with gp60, gpl6, or gp30 
leceptors and that result in a therapeutic effect are contemplated as conq)ositions of the 
present invention. 

[0049] In accordance with another aspect of the present invention, endothelial cells clan 
be co-cultured with cells having a specific function. Incubation of endothelial cells with 
other cell ^pes such as islet cells, hepatocytes, neuroendocrine cells, and others allows for 
required transport of components such as proteins and other beneficial components to these 
cells. The endothelial cells provide for transport of these components to the cxiltured cell, 
types in order to simulate in vivo conditions, i.e., wiiere these cell types would normally be 
in close proximity to endothelial cells and would depend on the endothelial cells for 
transport of nutrients, growth factors, hormone signals, etc, that are required for their proper 
function. It has previously not been possible to adequately culture these different cell tjrptes 
and obtain physiological performance when endothelial cells were absent The presence of 
endothelial cells m culture with desired cell types allows for differentiation and proper 
functioning of islets, hepatocytes, or neuroendocrine tissue in vitro or ex vivo. Thus it is 
foiind that coculture of endothelial cells with islets results in islets with in]{>n>ved 
physiological properties e.g., ability to secrete insulin, when compared with those cultured 
m the absence of endothelial cells. This tissue can then be used ex vivo or transplanted in 
vivo to treat diseases caused by lack of adequate cellular function (e.g., diabetes in the case 
of islet cells, hepatic dysfunction in tlie case of hepatocytes, and neuroendocrine disorders 
or pain relief in the case of neiu-oendocrine cells). Cells originating from other tissues and 
organs (as described above) may also be cocultured with endotheUal cells to provide the 
same benefit In addition, the coculture may be utilized to incorporate genetic material into 
the target cell types. The presence of albumin in tliese cultures is found to be greatly 
beneficial* 

[0050] The following examples further illustrate the invention but, of course, should not 
be constmed as in any way limiting its scope. 

EXAMPLE 1 

.[0051] This example demonstrates tlie preparation of pharmaceutical compositions 
comprising paclitaxel and albimiin. Preparnlion of paclitaxel-albumin compositions is 
described m U.S. Patents 5,439,686 and 5,916,596, which are mcoiporated m their entirety 
by reference. Specifically, 30 rag of paclitaxel was dissolved in 3.0'ml mefliylene chloride. 
The solution was added to 27.0 ml of human semm albumin solution (2% w/v). Defeioxanune 
was added as necessary. The mixture was homogenized for 5 minutes at low RPM (Vitris 
homogenizer, model Tempest I.Q.) in order to form a crude emuldon, and then tradsfened into 
a high pressure homogenizer (Avestin). llie emulsification was performed at 9000-40,000 psi 
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v^erecycliiig the emidsicm for at leasts cycles. The resulting system i^transfen^^ 
rotary evaporator, and methylene chloride was rapidly removed at 40^C, at reduced pressure 
(30mmHig)for20-30mmutes. The resultmg dispersion was trianslucmt, and the typical 
average diameter of the resulting paclitaxel particles was in the range 50-220 nm (Z-avera^, 
Malvern Zeiasiz^). The dispersion was further lyophilized for 48 bis* The resulting cake 
could be easily reconstituted to the original dispersion by addition of sterile water or saline. / 
The particle size after reconstitution was the same as before lyophilization. 
[0052] It should be recognized that the amounts, types and proportions of drug, • 
solvents, proteins used in this example are not limiting in any way. When compared to 
toxicity of paclitaxel dissolved in cremophor formulations, the inventive pharmaceutical 
composition containing albimiin showed substantially lower toxicity. 

EXAMPLE2 

[0053] This example demonstrates the preparation of a pharmaceutical composition 
comprising amiodarone and albumin. 30 mgofamiodarone was dissolved in 3.0 ml 
methylene dUoride. The solution was added to 27.0 ml of human serum albumin solution (1% 
wAr)* D^coxamine was added as necessary. The mixture was homogenized for 5 mmute^s at 
low RPM (Vitris homogenizer, model Tempest LQ.) in order to form a crude emuldon, and 
then transferred into a high pressure homogenizer (Avestin). The emulsification was 
performed at 9000-40,000 psi while recycling the emulsion for at least 5 cycles. The resulting 
system was transferred into a rotary evaporator, and methylene chloride was rapidly removed 
at 40°C, at reduced pressure (30 mm Hg) for 20-30 minutes. The resulting dispersion was 
translucent, and the typical average diameter of the resulting amiodarone particles was in the 
range 50-220 nm (Zi-avemge, Malvem Zetasizer). The dispersion was finlfaer lyophilized for 
48 his. The resulting cake was easily reconstituted to the ori^nal disp^on by addition of 
sterile water or saline. The particle size after reconstitution was the same as before 
lyophilization. 

[0054] It should be recognized that tlie amounts, types and proportions of drug, 
solvents, proteins used in this example are not limiting in anyway. When compared to 
toxicity of amiodarone dissolved in tween formulations, the inventive pharmaceutical 
composition with albumin showed substantially lower toxicity. 

EXM4PLE3 

[0055] This example demonstrates tlie preparation of pharmaceutical compositions 
comprising Uothyrdnine and albumin compositions. Liothyronine (or suitable salt) was 
dissolved in an aqueous alcoholic solution or alkaline solution at a concentration of 0.5 - 50 
mg/ml. The alcoholic (or alkaline) solution was added to an albxmiin solution (0.1 - 25% 
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w/v) and agitated, A^tation was low shear with a stiirer or hi^ shear using a sonicator or a 
homogenizer. At low concentrations of liothyronine, (5 - 1000 ^g/ml) clear solutions were 
obtained As ibs concentration was increased, a milky stable suspension was obtained, 
lliese solutions or suspensions were filtered through a steiilmng filter. Organic solvents 
were removed by evaporation or other suitable method. 

EXAMPLE4 

[0056] This example demonstrates the preparation of pharmaceutical compositions 
comprising rapamycin and albumin, 30 mg of rapamycin was dissolved in 2 ml 
chloioform/efhanoL The solution was then added into 27.0 ml of a human serum albuhiin 
solution (3% wA^). The mixture was homogenized for 5 minutes at low RPM(Vitri^ 
homog^oizer model Tetnpest LQ.) in order to form a crude mulsion, and flien transferred 
into a high pressure homogenizer (Avestm). The emulsification was performed at 9000- 
40,000 psi while recycling the emulsion for at least 5 cycles. The resultmg system was 
tiansfened into a Rotavap and solvent was rapidly removed at 40^C, at reduced pressure (30 
mm for 20-30 minutes. The resulting dispersion was translucent and the typical 
average diameter of the resulting particles was in the range 50-220 nm (Z-average, Malvern 
Zetasizer). The dispersion was further lyopliilized for 48 hours. The resulting cake was 
easily reconstituted to the original dispersion by addition of sterile water or saline. The 
particle size after reconstitution was the same as before Jyophilization. It should be 
recognized that the amounts, types and proportions of drug, solvents, proteins used in this 
exan^le are not limiting in anyway . 

EXAMPLES 

[0057] this example demonstrates the preparation of a pharmaceudcal composition 
compising epothilone B and albumin. 30 rag of epothilone B was dissolved m 2 ml 
chloroform/ethanol. The solution was then added mto 27.0 ml of a human serum albumin 
solution (3% w/v). Deferoxamine was added as necessary. The mixture was homogenized 
for 5 mmutes at low RPM (Vitris homogenizer model Tempest LQ.) in order to form a 
crude emulsion, and then transferred into a high pressure homogenizer (Avestm). The 
emulsification was performed at 9000-40,000 psi while recycling the emulsion for at least 5 
cycles. The resulting system was transferred into a Rotavap and solvent was rapidly 
removedat40X,atreducedpressure(30nimHg)for20-30minutes. Theresultmg' 
dispersion was translucent and the typical average diameter of the resulting particleis was in 
the range 50-220 nm (Z-average, Malvern Zetasizer). The dispersion was further 
lyophilized for 48 hours. The resulting cake was easily reconstituted to the original 
dispersion by addition of sterile water or saline. The particle size after reconstitution was 
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the same as before lyophilization. It should be recognized fhat the amoimts, Qrpes and 
proportions of drug, solvents, proteins used in fliis exaniple are not limiting. When 
conq)ared to toxicity of epotibilone B dissolved in cremophor formulations, the 
pharmaceutical conqK>sition comprising albumin showed substantially lower toxicity, 

EXAMPLE6 

[0058] Tliis example demonstrates the preparation of phannaceuticd^ 
comprising colchicine dimer and albumin. 30 mg of colcMcine-dimer was dissolved in 2 ml 
chlotoform/ethanol. Hie solution was then added into 27.0 ml of human serum albumin 
solution (3% w/v). Deferoxamine was added as necessary. The mixture was homogenized 
for 5 minutes at low RPM (Vitris homogenizer model Tempest I.Q.) in order to form a 
crude emulsion, and then transferred into a high pressure homogenizer (Avestin). The 
emulsification was performed at 9000-40,000 psi vMle recycling Ifae emulsion for at least. 5 
cycles. The resulting system was transferred into a Rotavq) and solvent was rapidly 
removed at 40°C, at reduced pressure (30 mm Hg) for 20-30 minutes. The resulting 
dispersion was tranislucent and the typical average diameter of ttte resulting particles was in 
the range 50-220 nm (Z-average, Malvern Zetasizer). The dispersion was furthier 
lyophilized for 48 hours. The resulting calce was easily reconstituted to the origmal 
dispersion by addition of sterile water or saline. The particle size after reconstitution was 
. the same as before lyophilization. It should be recognized that the amounts, types and 
proportions of drug, solvents, proteins used in this example are not limiting. When 
compared to toxicity of the colchicines dimer dissolved in tween, the phamiaceutical 
composition comprising albumin showed substantially lower toxicity. 

EXAMPLE? 

[0059] This example demonstrates the preparation of pharmaceutical comix>dtions 
conpisingdocctaxel and albumin. 30 mgofdocetaxel was dissolved in 2 ml 
chloroform/etfaanoL The solution vms then added into 27.0 nd of human serum albiimin 
solution (3% wAr). Deferoxamine was added as necessary. The mixture was homogenized for 
5 minutes at low RPM (Vitris homogenizer model Tempest LQ.) hi order to form a crude 
emulsion, and then transferred into a high pressure homogenize (Avestin). The emulsification 
was performed at 9000-40,000 psi while recycling the emulsion for at leiast 5 cycles. The 
resulting system was transferred into a Rotavap and solvent was rapidly removed at 40°C, at 
reduced pressure (30 mm Hg) for 20-30 minutes. The resultmg dispersion was translucent and 
the typical average diameter of tlie resulting particles was in the range 50-220 mn (Z-average, 
Malvern Zetasizer). The dispersion was fiiither lyophilized for 48 hours. The resulting csake 
was easily leconsfituied to the original dispersion by addition of sterile water or saline. The 
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particle size after leconstitution was the same as before lyophili22dioiL It should be recognized 
that the amoifiits, types and proportions of drug, solvents, and proteins used in tins example are 
notlimiling. When compared to toxicity ofthedocetaxd dissolved in tween/et^ 
the standard sblvent for this drug, the pharmaceutical con:q)osition compriang albumin showed 
substantially lower toxicity. 

iEXAMPLE8 

[0060] This example demonstrates the preparation of pharmaceutical compositions 
con^rismg docetaxel and albumin. 1 50 mg of docetaxel was dissolved in 1 ml ethyl 
acetate/butyl achate and 0.5 ml of an oil for example soybean oil or vitamin E oil. Other ratios 
of solvents and oils were used and these compositions are also contonplated as part of the 
invention. Asmallquantity of a negatively charged component was also <^onally added, 
e.g., benzoic acid (0.001%-0.5%) The solution was then added into 27.0 ml of human serum 
albumin solution (5% wAr). Deferoxamine was added as necessary. The mixture was 
• homogenized for 5 minutes at low RPM (Vitris homogenizer model Tempest LQ.) in order to 
form a crude emulsidn, and then transferred into a high pressure homogenizer (Avestin), The 
emulsification was performed at 9000-40,000 psi v*ile recycling the emulsion for at least 5 
cycles. The resulting system was transferred into a Rotavap and solvent was r2q)idly removed 
at 40°C, at reduced pressure (30 mm Hg) for 20-30 minutes. The resulting dispersion was 
translucent and the typical average diameter of the resulting particles was in the range 50-220 
nm (Z-aveiage, Malvern Zetasizer). The dispersion was further lyophilized for 48 hours; The 
resulting cake vm easily reconstituted to tlie original dispersion by addition of sterile water or 
saline. The particle size after reconstitiition was the same as before lyophihzation. It should be 
recognized that the amounts, types and proportions of drug, solvents, protdns used in this 
example are not Umiting. When compared to toxicity of tiie docetaxel dissolved in 
tween/ethanbl M*ich is the standard solvent for tiiis dmg, the pharmaceutical compositibn 
comprisang albumm diowed substantially lower toxici 

EXAMPLE 9 

[0061] This example demonstrates tlie preparation of pharmaceutical compositions 
comittising a taxane IDN5390 and albumin. 1 50 mg of IDN5390 was dissolved in 1 ml etiiyl 
acetate/butyl achate and 0.5 ml of an oil for example soybean oil or vitamin E oil. CWher ratios 
of solvents and oils were used and these compositions are also contemplated as part of the 
invention. A small quantity of a negatively charged component was also optionally added, 
e.g., benzoic acid (0.001%-0.5%), The solution was then added mto 27.0 ml of human senm 
albumin sohition (5% w/v). Deferoxamine was added as necessary. The mixture was 
homogenized for 5 minutes at low RPM (Vitris homogenizer model Ten5)est LQ.) in order to 
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fonn a cnide emulsion, and then Iran^^ The 
emnlsification was pexfonned at 9000-40,000 psi while recycling the emulsion for at least 5 
cycles. The lesulting system was transferred into a Rotav^ and 
at 40*'C, at reduced pressure (30 mm Hg) for 20-30 minutes. The resulting dispersion was 
translucoit and the typical average ^ameter of the i^ulting particles was m the range 50-220 
nm (Z-average, Malvern Zetasizer). The dispersion was fiirther lyophilized for 48 hours. The 
resulting cake was easily reconstituted to the original dispersion by addition of sterile water, or 
saline. The partide size after reconsfitution was the same as before lyophilization. It should be 
recognized that the amoimts, types and proportions of drujg, solvents, proteins used in this 
example are not limiting. When compared to toxicity of the IDN5390 dissolved in tw^n, the 
pharmaceutical composition comprising albumin showed substantially lower toxicity. 

. . EXAMPLE 10 
' [0062] This example demonstrates the preparation of phannaceudcal conqx>SLtions 
comprising a taxane IDNS109 and albumin. ISO mg of IDNS109 was dissolved in 2 ml * 
chloroform/eOianoL Other ratios of solvents and oils were used and these conq}ositions are also 
contemplated as part of the invention. A small quantity of a negatively charged component was 
also optionally added, e.g., benzoic acid (0.00 1%-0.5%) The solution was then added into 
27.0 ml of human serum albumin solution (5% w/v). Deferoxamine was added as necessary. 
The mixture is homogenized for 5 minutes at low RPM (Vitris homogenizer model Tempest 
I.Q.) in order to form a cmde emulsion, and then transferred into a high pressure homogenizer 
(Avestin). The emulsification was performed at 9000-40,000 psi while recycling the emulsion 
for at least 5 cycles. The resulting system was transferred into a Rotavap and solvent was 
Tapidly removed at 40°C, at reduced pressure (30 mm Hg) for 20-30 minutes. Hie resulting 
dispersion was translucent and the typical average diameter of the resulting particles was in the 
range 50-220 nm (Z-average, Malvern Zetasizer). The dispersion was further lyophilized for 
48 hours. The resultmg cake was easily reconstituted to the original disp^on by addition of 
sterile water or saline. The particle size after reconstitution vm the same as before 
lyophilizatioa It shotdd be recognized that the amounts, types and proportions of drug, 
solvents, and proteins used in this example are not limiting. When compared to toxicity of the 
IDNS109 dissolved in tween, the pharmaceutical composition comprising albumin showed 
substantially lo w^ toxicity. 

EXAMPLE 11 

[0063] This example demonstrates the preparation of a pharmaceutical composition 
comprising 10-hydroxy camptothecin (1 OHC) and albumin. 30 mg of 10-HC was dissolved 
in 2.0 ml DMF/methylene chloride/soybean oil. The solution was then added into 27.0 ml 
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of a human serum albumin solution (3% w/v). The mixture vm homogenized for 5 minutes 
at low RPM (Vitiis homog^nizer model Tempest LQ.) in order to form a crude CTOulsion, 
and Ihen transfeired into a high pressure homogenizer (Avestin). The emulsification was. 
performed at 9000-40,000 psi while recycling the emulsion for atleast 5 cycles. The 
resulting system was transferred mto a Rotavap and solvent was rapidly removed at 40**C, at 
reduced pressure (30 mm Hg) for 20-30 minutes. The resulting dispersion was translucent 
and the typical average diameter of the resulting particles was in the range 50-220 run (Z- 
aver^e, Malvern Zetasizer). The dispersion was ftutiier lyophilized for 48 hours. The 
resulting cake was easily reconstituted to the original dispersion by addition of sterile water 
or saline. The particle isize after reconstitution was the same as before lyophilization. It 
should be recognized that the amounts, types and proportions of drug, solvents, proteins 
used in this example are not limiting in anyway, 

EXAMPLE 12 

[0064] Ihis example demonstrates the preparation of apharmaceutiGal composition 
comprismg cyclosporine and albumin. 30 mg of cyclosporine was dissolved in 3.0 ml 
mediylene chloride. The solution was then added into 27.0 ml of a human serum albumin 
solution (1% w/v). The mixture was homogenized for 5 minutes at low RPM (Vitris 
homogenizer model Tempest LQ.) in order to fonn a crude emulsion, and then transferred into 
a hi^ pressure homogenizer (Avestin). The emulsification was performed at 9000-40,000 psi 
while recycling the emulsion for at least 5 cycles. The resulting system was transferred inlb a 
Rotavap and methylene chloride was. rapidly removed at 40**C, at reduced pressure (30 mm 
Hg) for 20-30 mmutes. The resulting dispersion was translucent and the typical average 
diameter of flie resulting particles was in the range 50-220 nm (Z-avcrage, Malvern Zelasizer). 
The dispersion was further lyophilized for 48 hours. The resulting cake was easily 
reconstftuted to flie origmal dispersion by addition of sterile water or saline. Tlie partide size 
after reconstitution was the same as before lyophilization. 

EXAMPLE 13 

[0065] This example demonstrates the preparation of a pharmaceutical composition 
containing oil and comprising cyclosporme and albumin. 30 mg of cyclosporine was 
dissolved in 3.0 ml of a suitable oil (sesame oil containing 10% orange oil). The solution 
was then added into 27.0 ml of a human serum albumin solution (1% v/w). The mixture 
was homogenized for 5 minutes at low RPM (Vitris homogenizer, model Tempest LQ.) in 
order to form a cmde emulsion, and then transfened into a high pressure homogenizer 
(Avestin). The emulsification as performed at 9000-40,000 psi vMe recycling the 
emulsion for at least 5 cycles. The resulting dispersion had a typical average diameter m 
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raoge of 50-220 nm (Z-average, Malvern Zetasizer). The dispersion was used directly or 
lyophilized for 48 hours by optionally adding a suitable eryoprotectant The resulting cake 
was easily reconstituted to the original dispersion by addition of sterile water or saline. It 
should be recognized ihst the amounts, types and proportions of drug, solvents, and proteins 
used in this example are not limiting in anyway. 

EXAMPLE 14 

[0066] This example demonstrates the preparation of apbarmaceudcal composition 
comprismg amphotericin and albumin. 30 mg of amphotericin was dissolved in 3.0 ml methyl 
pyrrolidinone/methylene chloride. The solution was added to 27,0 ml of a human semn 
albumin solution (1% w/v). The mixture was homogenized for 5 minutes at low RPM (Vitris 
homogenizer, model Tempest LQ.) in order to form a crude emulsion, and then transferred into 
a hi^ pressure homogenizer (Avestin). Hie emulsification was performed at 9000-40,000 psi 
while recycling the emulaon for at least 5 cycles. TTie resulting systsm was transferred into a 
rotary evaporator, and solvent was rapidly removed at 40^C, at reduced pressure (30 mm 
. for 20-30 minutes. Hie resulting dispersion was translucent, and the typical average diameter 
of the resultmg an^ihbtericm particles was between 50-220 nm (Z-ayerage, Malvern 
Zetasizer). The dispension was further lyophilized for 48 hrs. The resulting cake could be 
easily reconstituted to the original dispersion by addition of sterile water or saline. The particle 
size afia: reconstitution was the same as before lyophilization. It should be recognized that the 
amounts, types and proportions of drug, solvents, and proteins used in this example are not 
lirhifiTig m anyway. Addition of other components such as lipids, bile salts, etc., also resulted 
in suitable formulations. 

. EXAMPLE 15 

[0067] This example demonstrates preclinical pharmacokinetics and pharmacodynamics 
of a pharmaceutical composition corhprising albumin and paclitaxel. 
[0068] . Several preclinical pharmacokinetic studies in mice and rats were conducted to 
evaluate the possible advantages of albumin-paclitaxel pharmaceutical compositions over 
cremophor-paclitaxel (Taxol) pharmaceutical compositions. These studies dernonstrated: 
(1) that the pharmacokmetics of albumin-paclitaxel in rats was linear, v^ierieas Taxol 
pharmacokinetics werie non-linear with respect to dose, (2) pharmaceutical compositions 
comprising albumin and paclitaxel exhibited a lower plasma AUG and Qnax* suggestmg 
more rapid distribution of albumin-paclitaxel compositionis to tissues compared with Taxol 
(excretion is suxular), (3) phaimaceutical compositions comprising albiunin and paclitaxel 
exhibited a lower Cmax , which possibly accounts for the reduced toxicities associated with 
peak blood levels relative to Taxol, (4) the half-life of pharmaceutical compositions 
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cdmprising albumin mi paclitaxel exhibited was approximately 2-fold higher m rats and 4- 
fold higher in tumor bearing mice relative to Taxol, and (5) the metabolism of paclitaxel in 
pharmaceutical compositions comprising albumin and paclitaxel was slower than in Taxol 
pharmaceutical compositions. At 24 hours post-injection in rats, 44% of total radioactivity 
was still associated with paclitaxel for pharmaceutical compositions comprising albumin 
and paclitaxel, compared to only 22% for Taxol The ultimate effect of the above 
pharmacodynaniics, Le., enhanced intra-cellular uptake, prolonged half-life and slower 
metabolism for pharmaceutical compositions comprising albumin and paclitaxel exhibited 
resulted in a tumor AUG 1 .7-fold higher, tumor Cmax 1 .2-fold higher, and tumor half-life 
1 .7-fold longer Hian for Taxol in tumor bearing mice. 

EXAMPLE 16 

[0069] This example demonstrates reduced side effects and reduced toxicity associated 
with pharmaceutical compositions comprising paclitaxel and albumin. 
. [0070] Due to the unique nature of pharmaceutical compositions comprising paclitaxel 
and albumin in the absence of cremophon the toxicity of pharmaceutical compositions 
cdmprising paclitaxel and albumin is substantially lower than Taxol. In preclinical studies 
in mice and rats, a single dose acute toxicity study in mice showed an LD50 dose 
£q)proximately 59 times greater for pharmaceutical compositions comprising paclitaxel and 
albumin than for Taxol. In a multiple dose toxicity study in mice, the LD50 dose was 
approximately 10-fold greater for pharmaceutical compositions comprising paclitaxel and 
albumin than for Taxol A fiirther study evaluated tlie degree of myelosi5)pression m rats 
treated with pharmaceutical compositions comprising paclitaxel and albumin and Taxol. 
The results showed fliat at equi-dose, pharmaceutical compositions conq)rising paclitaxel 
and albumin produced considerably less myelosuppression in rats than TaxoL M an acute 
toxicity study in rats, cerebral cortical necrosis or severe neurotoxicity was obsaved in 
animals receiving Taxol at 9 mg/kg but was absent in animals receivmg a pharmaceutical 
coiiq)Osition comprising paclitaxel and album! n at a dose of up to 120 mg/kg. Thus the 
presence of albumin m a pharmaceutical composition cdmprising paclitaxel results in a 
substantial reduction in side effects and toxicity when compared to conventional 
pharmaceutical compositions comprising paclitaxel. 

EXAJV4PLE17 

[0071] This example demonstrates the clinical effects of a pharmaceutical composition 
comprising paclitaxel and albumin in hiiirians. 

[0072] Clinical studies in over 500 human patients to date provide evidence supporting 
the reduction in toxicity and side-effects for a pharmaceutical composition comprising 
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paclitaxel and albumin ("albumin-paclitaxerO when compared with cremophor-paclitaxel 
compositions (Taxol). In a phase I study of 19 patients, the maxhnnm tolerated dose of 
albumin-paclitaxel given every 3 weeks was 300 mg/m^ This is substantially higher than 
the generally administered dose of cremophor-paclitaxel which is 175 mg/m^ given once 
every 3 weeks. The hemkological toxicities in these patients were mild with no 
hypersensitivities, mild neuropatliies, and no administration related side effects such as 
venous irritation, etc. 

[0073] In another phase I study of 27 patients, the maxknum tolerated dose of albumin- 
paclitaxel given on a weekly schedule was 125-150 mg/m^. This is substantially higher than 
the generally administered dose of cremophor-paclitaxel which is 80 mg/m^ when given on 
a weekly schedule. The hematological toxicities .in these patients were mild with no 
hypersensitivities, mild neuropathies, and no admmistration related side effects such as 
venous irritation, etc. 

[0074] In two phase II studies of albumin-paclitaxel ^ven at either 175 or 300 mg/m^ 
every 3 weeks in 43 and 63 patients respectively, hematological toxicities were low with 
only 7% and 24% of patients with ANC <500/mm3 at 175 mg/m^ and 300 mg/ta^ 
respectively. Severe neuropathy occurred in 0% and 14% of patients for 175 mg/m^ and 
300 mg/ m^ respectively. There was no incidence of severe hypersensitivity, and no 
incidence of administration related side effects such as venous-irritation, pam on injection, 
etc. These side effects were substantially lower than experienced with Taxol. 
[0075] In phase III trials comparing the albumin-paclitaxel composition ABI-007 
against Taxol (which contains cremophor-paclitaxel), the dose of ABI-007 was substantially 
higher (260 mg/m^ vs. 175 mg/m^ for Taxol) indicating it Was better tolefated. The 
albumm-paclitaxel compositions also demonstrated significantiy reduced neutropenia when 
compared to cremophor-paclitaxel. 

EXAMPLE 18 

[0076] This example demonstrates enhanced preclinical efficacy usmg a pharmaceutical 
composition comprising albumin and paclitaxel. 

[0077] An in vitro, cytotoxicity study comparing the effect of albumm-paclitaxel and 
Taxol on cervical squamous cell carcinoma A43 1 showed an approximately 4-fold mcrease 
m cytotoxic activity for albumin-paclitaxel with an IC50 of 0.0038 and 0.012 |xg/ml for 
albumin-paclitaxel and Taxol respectively. 

[0078] In five different human xenograft tumor models m athymic mice (MX-1 
mammary, NCI-H522 lung, SK-OV-3 ovarian, PC-3 prostate, and HT-29 colon), tiie MID 
or equitoxic dose of ABI-007 was 1 .5-3.4-fold higher tiian for Taxol, and resulted in 
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statistically significant impiovemeat in tumor growth delay (pO.OS) in all tumoics except 
the lung tumor (pN).lS). 

[0079] In the MX 1 mammary model, one hundred percent (100%) of albumin- 
paclitaxel treated animals survived 103 days, as compared to 20-40% surviving in ffoisps 
treated with equivalent doses of Taxol. • • 

EXAMPLE 19 . 

[0080] This example demonstiates enhanced clinical efiBcacy using a pharmaceutical 
composition comprising albumin and paclitaxel administered intra-arteiially. 
[0081] In a Phase J/E Study of intra-arterial administration of a phannacetdical 
oonq)osition comprising albumin and paclitaxel, as described herein, pati^ts wm enrolled 
for head & neck caincer (N=3 1) and cancer of the anal canal (N-12). The dose escalated 
from 120-300 mg/m^ given over 30 minutes by percutaneous siq)erselective intm-arterial 
infusion, q SAvvk. Head and neck cancer patients exhibited a response rate of 76% (N=29), 
vMLc patients with cancer of the anal canal exhibited a response rate 64% (N=l 1). 

EXAMPLE20 

[0082] This example demonstrates the preparation of a phannaceutical composition 
containing 3% oil and comprising propofol and albumin. 

[0083] An oil-in-water emulsion containing 1% (by weight) of propofol was pxepBxcd as 
follows. Hie aqueous phase was prepared by addiug glycerol (2.25% by weight) and 
human serum alhiimin (0.5% by weight) into water for injection and stinred undl dissolved. 
The aqueous phase was pasised through a filter (0.2um filter). The oil phase was prepared 
by dissolving e^ lecithin (0.4% by weight) and propofol (1% by weight) into soybean oil 
(3% by wei^) at about 50**C - 60X and was stirred uiitil dissolved. The oil phase was 
added to the aqueous phase and homogenized at 10,000RPM for S min. The mide emulsion 
was high pressure homogenized at 20,000 psi and recirculated for 15 cycles at 5^C. 
Alternately, discrete passes through the homogenizer were used. Hie final emulsion was 
filtered (0.2 |mi filter) and stored under nitrogen. The resulting phannaceutical composition 
contained the following general ranges of components (weight %): propofol 0.5-5%; 
human serum albumin 0.5-3%; soybean oil 0.5-3.0%; egg lecithm 0.12-12%; glycerol 
225%; water for injection q.s. to 100; pH 5-8. Suitable chelators, e.g., deferoxamine 
(0.001-0.1%), were optionally added. 

EXAMPLE 21 

.[0084] This example demonstrates the prepamtion of a phannaceutical conqxisition 
containing 5% oil and comprising propofol and albimiin. 
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[0085] An oil-ia-water emulsion contdning 1% (by weight) of propofol was piepared as 
follows. The aqueous phase was prepared by adding glycerol (225% by wei^t) and 
human serum albumin (0.5% by weight) into water for injection and was stirred until 
dissolved. The aqueous phase was passed through a filter (0.2um filter). The oil ph£^e as 
prq)ared by dissolving egg lecithin (0.8% by weight) and propofol (1% by weight) into 
soybean oil (5% by weight) at about 50°C - GO'^C and was stirred until dissolved. The oil 
phase was added to the aqueous phase and homogenized at 10,OOORPM for 5 mia The 
crude emulsion was high pressure homogenized at 20,000 psi and recirculated for 15 cycles 
at 5°C. Alternately, discrete passes througli the homogenizer were used. The final emulsion 
was filtered (02imx filter) and stored under nitrogen. The resulting pharmaceutical 
composition contained the following general ranges of components (weight %): propofol 
0.5-5%; human serum albumin 0.5-3%; soybean oil 0.5-10.0%; egg lecithin 0.12-1^2%; 
glycerol 2.25%; water for injection q.s. to 100; pH 5-8. Suitable chelators, e.g., ; 
deferoxamine (0.001-0.1%), were optionally added 

' EXAMPLE 22 . : . 

idOiS6] This example demonstrates the preparation of a pharmaceutical composition " 
comprising propofol and albumin that is free of oil. 

[0087] - Usmg the procedure similar to tliat described m Example 1 8, propofol 
compositions containing albumin and tv\'een 80 were prepared. The aqueous phaise was 
prepared by adding glycerol (2.25% by weight), human serum albumin (0.5% by weight), 
tween 80 (1 .5% by weight) and deferoxamine mesylate (0. 1% by weight) into water for 
injection and stirred until dissolved. The aqueous phase was passed through a filter (02pm 
filter). Propofol (1% by weight) was added to the aqueous phase and homogenized at 
10,000 RPM for 5 mm. The crude ehiulsion was high pressure homogmized at 20,000 psi 
and recirculated for 15 cycles at 5°C. Alternately, discrete passes through the homogenise 
were used. The final emulsion was filtered (0-2um filter) and stored under nitrogen. The 
resulting pharmaceutical composition contained the following general ranges of components 
(weight %): propofol 0.5-5; human serum albimiin 0.5-3%; tween 80 0.1-1.5%; 
defisroxamine mesylate 0.0001-0.1%; glycerol 2.25%; water for injectioia q.s. to 100; pH 5- . 
8, 

EX.AJ^IPLE23 

[0088] This example demonstrates tlie preparation of a pharmaceutical composition 
comprising propofol, albumin, and vitamin E-TPGS, which is free of oil. 
[0089] Usmg the procedure similar to that described in Example 19, propofol 
compositions containing albumin and vitamin E-TPGS were prepared. The aqueous phaise 
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was prepared by adding glycerol (2,25% by weight), human senuin albumin (0.5% by 
weight), vitamin B-TPGS (1% by weight) and deferoxamine mesylate (0,1% by weight) into 
water for injection and was stirred until dissolved. The aqueous phase was passed through a 
filter (0.2um filter). Propofol (1% by weight) was added to the aqueous phase and 
homogenized at 1 0,000 RPM for 5 min. The crude emulsion was high pressure 
homogenized at 20,000 psi and recirculated for 15 cycles at S^'C. Alternately, discrete 
passes throu^ the homogenizer were used. The final emulsion was filtered (0.2tun filter) 
and stored under nitrogen. The resulting pharmaceutical composition contained the 
following general ranges of components (weight %): propofol 0.5-5; human serum albumin 
0.5-3%; vitamin E-TPGS 0.5-4.0%; optionally deferoxamine mesylate 0.0001-0.1%; . 
glycerol 2.25%; water for injection q.s. to 100; pH 5-8, 

EXAMPLE24 

[0090] This example demonstrates the preparation of a pharmaceutical composition 
comprising propofol, albumin, vitamin E-TPGS, and 1% oil. 
[0091] An emulsion containing 1% (by weight) of propofol was prepared by the 
following method. The aqueous phase was prepared by adding glycerol (2.25% by weight) 
and human serum albumin (0,5% by weight) into water for injection and stirred until 
dissolved. The aqueous phase was passed through a filter (0.2|im filter). Surfactant, e.g.. 
Vitamin E-TPGS (0.5%), was added to aqueous phase. The oil phase consisted of propofol 
(1% by weight) and 1% soybean oil. The oil phase was added to the aqueous phase and 
homogenized at 10,000 RPM for 5 min. The cmde emulsion was high pressure 
homogenized at 20,000 psi anjd recirculated for up to 1 5 cycles at S^'C. Alternatively, 
disaete passes through the homogenizer were used. The final emiulsion was filtered (O^^m 
filter) and stored under nitrogen. 

[0092] The resulting pharmaceutical composition contained the following general , 
raises of components (weight %): propofol 0.5-5%; human serum albmnin 0.01-3%; ■ 
Vitan]inE-TPGS0.1-2%;soybeanorotheroil(0.1%-5%);glycerol2.25%;waterfor . 
injection q.s. to 100; pH 5-8. Deferoxamine was optionally added (0.001%-0,1% by 
weight). 

EXAMPLE 25 

[0093] Ibis example demonstrates the preparation of a pliarmaceutical conq)dsitidn 
comprising propofol, albumin, vitamin E-TPGS, 1% oil, and a negatively charjged 
component. 

[0094] An emulsion containing 1% (by weight) of propofol was prepared by the 
following method. The aqueous phase was prepaied by adding glycerol (2.25% by wei^t) 
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and human serum ?^miTnin (0.5% by weight) into' water for injection and was stirred until 
dissolved. The aqueous phase was passed through a filter (0,2fim filter), Sur&ctant, e.g.. 
Vitamin B-TPGS (0.5%), was added to aqueous phase. The oil phase consisted of propofol- 
(1% by weight) and 1% soybean oU. A small quantity of negatively charged component 
(0.001%-!%), e.g., a phospholipid or bile salt was added. The oil phase was added to the 
aqueous phase and homogenized at 1 0,000 RPM for 5 min. The crude emulsion was high 
pressure homogenized at 20,000 psi and recirculated for up to 15 cycles at 5 °C. 
Altematively, discrete passes through the homogenizer were used. The final emulsion was 
filtered (0.2^m filter) and stored under nitrogen. 

[0095] The resisting pharmaceutical composition contained the following general 
ranges of components (weight %): propofol 0.5-5%; human serum albumin 0.01-3%; 
Vitamin E-TPGS 0.1-2%; soybeanor other oil (0.1%-5%); glycerol 225%; water for 
injection q.s. to 100; pH 5-8. Deferoxamine was optionally added (0.001%-0.1% by 
weight). 

EXAMPLE 26 

[0096] TUs example demonstrates the preparation of a pharmacexitical composition 
comprising propofol, albumin, vitamm E-TPGS, 1% oil, and a negatively dbarged 
component (sodium deoxycholate). 

[0097] . An emulsion containing 1 % (by weight) of propofol was prepared by the 
following method The aqueous phase was prepared by adding glycerol (2.25% by weight) 
and himian serum albumin (0.5% by weight) into waiter for injection and stirred xmtil 
dissolved. The aqueous phase was passed through a filter (0.2iim filt^). Surfectant, e^g.. 
Vitamin E-TPGS (0.5%), was added to aqueous phase. The oil phase consisted of propofol 
(1% by weight) and 1% soybean oil. A small quantity of negatively chajged component 
(0.001%-1%), e.g., sodium deoxycholate was added. The oil phase was added to the 
aqueous phase and homogenized at 10,000 RPM for 5 min. The crude emulsion was high 
pressure homogenized at 20,000 psi and recirculated for up to 15 cycles at 5°C. Alternately, 
discrete passes through the homogenizer were used. The final emulsion was filtered (0.2[im 
filter) and stored under nitrogen. 

[0098] The resulting pharmaceutical composition contained the following general 
ranges of components (weight %): propofol 0.5-5%; human serum albumin 0.01-3%; 
Vitamin E- TPGS 0.1-2%; soybean or other oil (0.1%-5%); glycerol 2.25%; water for 
injection q.s. to 100; pH 5-8. Deferoxamine was optionally added (0.001%-0.1% by 
weight). 



wo 2004/052401 



PCTAJS2003/03894i 



31 . 
EXAMPLE 27 

[0099] This example demonstrates the preparation of a pharmaceutical composition 
comprising propofol, albumin, vitamin E-TPGS, 1% oil, and a negatively charged 
component (phospholipids, bile salts, polyaminoacids etc). 

[00100] An emulsion containing 1% (by weight) of propofol was prepared as follows. 
The aqueous phase was prepared by addmg glycerol (2.25% by weight) and hutnan serum 
albumin (0.5% by weight) into, water for injection and stirred until dissolved. The aqueous 
phase was passed through a filter (0.2|im filter). Surfactant, e.g.. Vitamin E-TPGS (0,5%), 
was added to aqueous phase. The oil phase consisted of propofol (1% by weight) and 1% 
soybean oil. A small quantity of negatively charged component (0.001%-1%), e.g., 
phosphatidyl choline was' added. The oil phase was added to the aqueous phase and 
homogenized at 10,000 RPM for 5 min. The crude emulsion was high pressure 
homogenized at 20,000 psi and recirculated for up to 15 cycles at 5 Alternatively, 
discrete passes through the homogenizer were used The final emulsion was filtered (6.2fxni 
filter) and stored under nitrogen. 

[00101] The resulting pharmaceutical composition contained the following general 
ranges of components (weight %):. propofol 0,5-5%; human serum albumin 0.01-3%; 
Vitamin E- TPGS 0.1-2%; soybean or other oil (0.1%-5%); glycerol 225%; water for 
injection q.s. to 100; pH 5-8. Deferoxamine was optionally added (0.001%-0.1% by 
weight). 

EXAMPLE28 

[00102] This example demonstrates the binding of propofol to albumin. 
[00103] The binding of propofol to albumin was determined as follows. Solubility of 
propofol was tested in water and in solutions containing albumin. 250 jiL of propofol was 
added to 10 mL of a water or albumin solution and stirred for 2 hours in a scintillation vial. 
The solution was then transferred to a 1 5 mL polyethylene centrifiige tube and kept at 40 X 
for about 16 hours. Samples of water and albumin solutions were assayed for propofol. 
Solubility of propofol in water was determined to be 0.12 mg/ml. Solubility of propofol in 
albumin solutions was dependent on the concentration of albumin and increased to 0,44 
mg/ml \^en the albumin concen tration was 2% (20mg/ml). TTie solutions were ultrafiltered 
througji a 30kD MWCO filter and the filtrates were assayed for propofol. It was found that 
for the propofol/water solution, 6 1 % of the propofol could be recovered in the filtrate 
\sdieieas for fliepropofol/albumin solution, only 14% was recovered in the filtrate, 
ind<i^ting a substantial binding of propofol with albumin. Based on these results, addition 
of albumin to pharmaceutical compositions comprising propofol result in a decrease in flie 
amount of fi:ee propofol due to albumin binding of the propofol. 
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EXAMPLE 29 

[00104] This example demonstrates the reduction of free propofol in a phsoinaceutical 
composition by filtration/membrane contact 

[00105] As observed in the experiments described in Example 28, filtration or 
ultcafiltiation of pharmaceutical compositions comprising propofol results in a reduction in 
the amount of fibee propofol. Diprivan and a pharmaceutical con5)Osition prepared in 
accordance with the present invention containing albumin, each of vMch contained 1% 
propofol (lOmg/ml), were ultrafiltered using a 30kD membrane. The amount of firee 
propofol was measured in the filtrate using HPLC. The concentration of firee propofol in 
the filtrate was about 17 |ig/ml for Diprivan, wliile the concentration of fi:ee propofol in the 
filtrate was about 7 (ig/ml for the inventive pharmaceutical composition. . The results 
correspond to an efifectiye reduction of fi^e propofol by greater than a £ictor of 2 for 
phaim^^utical composition comprising propofol and albumin. 

EXAMPLE 30 

[00106] This example demonstrates administration of a pharmaceutical composition 
comprising propofol and albumin to humans. 

[00107] A randomized, double-blind clinical trial was conducted to compare adverse skin 
sensations of a pharmaceutical composition comprising propofol and albmnin with that of a 
commercially available propofol formulation, Diprivan. Trials were conducted in 
compliance with Good Clinical Practices and informed consent was taken fix)m the subjects. 
Adult human subjects of either sex were eligible for participation if they had unbroken, 
^parentiy normal skin of dorsal side of their hands. 

The fonnuMons originally stored in a refrigerator were brought to room temperature and 
Hiea 10 liL'of the formuilations was placed slowly on the back side of botii the hands of a 
subject simultaneously. The overall reaction and feel on their hands for the formulations 
were noted The results of tliis study are set forth in Table 1 . 



Table 1 



Order of a test 
on a subject 


% of subjects with ABI-Propofol 
sensation 


% of subjects with Diprivan 
sensatioii 


Mild wami or 
stinging^^or biting 


No 
sensation 


Mild warm or 
stinging orbiting 


No sensation 


1st incidence 


0.0 


100.0 


75 


25 
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EXAMPLE31 

[0100] This example demonstrates the use of deferoxamine as antioxidant in a 
pharmaceutical comjposition comprising propofol. 

[0101] Phaimaceutical compositions comprising propofol and deferoxamine mesylate, 
and containing tween or TPGS were stored at 4°, 25^ or 40 **C to test Ihe effect of 
deferoxamine mesylate in preventing oxidation of propofol. The concentration of propofol 
was measured for these formulations over time to determine the antioxidant activity of 
deferoxamine. . The data is reported below in Tables 2 and 3 as % potency relative to time 
zero. 



Table 2. Albiimin/tween formulation 





1 month Storage 


Temp 


• 4°C 


25 °C 


40 «C 


CONTROL 


100% 


88% 


48% 


0.01 %Def 


101% 


89%. 


61% 


0.1% Def 


103% 


89% 


64% 



Tables. Albumin/TPGS fonnulation 





1 montli Storage 


Temp 


4°C 


25 °C 


40 °C 


CONTROL 


99% 


73% • 


42% 


0.01% DEF 


99% 


87% 


55% 


0.1% DEF 


99% 


85% 


58% 



[0102] Under these conditions, deferoxamine was efficient in reducing the level of 
oxidation of piopofol. The effect was more pronounced at higher temperatures. No 
significant oxidation i)ccu]Ted at 4 °C. This study was conducted using stoppers that were 
not inert or Teflon coated. 

EXAMPLE 32 

[0103] This example demonstrates intrapuhnonary delivery of a phaimaceutical 
composition comprising paclitaxel and albumin (ABI-007). 

[0104] The purpose of this study was to determ i ne the time course of [^H]ABI-007 in 
. blood and select tissues folio win g intrati-acheal insti ilation to Sprague Dawley rats. 
[0105] The target vohime of the intratracheal dose formulation to be administered to the 
animals was calculated based on a dose volume of 1 .5 mL per kg body weight The dosing 
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apparatus consisted of a Penn-Century microsprayer (Model i A-IB; Perm-Century, Inc*, 
Philadelphia, PA; purchased from DeLong Distributors, Long Branch, NJ) attached to a 1- 
mL gas-tight, luer-lock syringe. The appropriate volume of dose preparation was drawn 
into tiie dosing q)paratus, the filled apparatus was weighed and the weight-recorded. A 
cadiet^ was placed in the trachea of the anesthetized animal, the microsprayer pdrtioia of 
the dosing apparatus was placed into the trachea through the catheter, and tiie dose was 
administered After dose administration the empty dosing apparatus was rewei^ed and the 
administered dose was calculated as the difference in the weights of the dosing apparatus 
before and after dosing. The average dose for all animals was 4.7738 ± 0.0060 (CV 1.5059) 
mg paclitaxet per kg body weight. 

[0106] Blood samples of approximately 250 pL were collected from the indwelling 
jugular cannulas of JVC rats at the following predetermined post-dosing time points: 1,5, 
10, 15, 30, and 45 minutes (min), and 1, 4, 8, and 24 hours (h). The 24-h blood samples, as 
well as blood samples collected from animals sacrificed at 10 min, 45 min, and 2 h, were 
collected via cardiac puncture from anesthetized rats at sacrifice. All blood samples 
analyzed for total radioactivity were dispensed into pre-weighed sample tubes, and the 
sample tubes were reweighed, and the weight of each sample was calculated by subtractiort 
The blood samples collected from the jugular vein as well as the 250-jiL aliquots of blood 
collected from each animal at sacrifice were assayed for total tritium content. 
[0107] For all rats, the maximum concentration of tritiimi in blood was observed at 5. 
min (0.0833 hr) post dosing. The elimination half-life of tritium, determined over the time 
interval from 4 h to 24 h, ranged from 1 9.73 h to 43 .02 h. It should be noted that this 
interval includes only three data points, which may account for the variability in this 
parameter. The apparent clearance oftiitium from blood was on the order of 0.04 L/h. The 
results of these experiments are set forth below m Table 4. 

Table 4. Noncompartmental Analysis of Blood Tritium Concentration (mg-eq/L) vs. Tiine 
Profiles in Rats After Intratraci -eal Instillation of [^H]ABI-007 

Parameter Mean +/- SD 

Qnax (mg-eq/L) 1.615 +/- 0.279 

Taiax(hr) 0.0833 +A 0.0 

tK2beta(hr) 33.02+/- 1.99 ^ 

AUClast(mg-eqxhi/L) 7.051 +/- 1.535 

Cl/F (L/hr) 0,0442 +/- 0.0070 

Fa (BioavailabiUty) 1 :229 +/- 0.268 

[0108] The mean blood concentration of [^If) ABI-007-derived radioactivity after an 
intravenous dose to rats was analyzed as a fimction of time in order to evaluate the 
bioavailability of tritium derived firom an intratracheal dose of [^H]ABI-007. This analysis 
resulted in a 24-hour AUG (AUClast) of 6. 1354 mg-eq □ lir/L. Based on these data. 
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radioactivity derived from ihc intratracheal dose of [^H] ABI-007 is highly bioavailable. 
Ihese analyses are based on total radioactivity. 
[0109] Trititon derived fix»m[^H]ABI-007 is rapidly absorbed after m 
instilliation. The average absorption and elimination half-lives (kOl half-life and klO half- 
life, respectively) for tritium in blood after an intratracheal dose of [^H] ABI-007 (mean +/- 
SD) w6re 0.0155 +/- 0.0058 hr and 4.73 8 .+/- 0.366 hr, respectively. The average apparent 
clearance of tritium fix)m blood was 0.1235 +/- 0.0180 L/hr (see Table 4 above). 
(01101 Tritium derived from [^H] ABI-007 was absorbed and distributed after 
intratracheal administration. The time course of tritium in blood was well described by a 
two-coinipartment model, vrith mean absorption and elimination half-lives of 0.0155 and 
4.738 hr, respectively. Approximately 28% of the administered dose was recovered in the 
lung at 10 min after the intratracheal dose. A maximum of less than 1% of the dose was 
recovered in other tissues, excluding the gastrointestinal trac^ at all time points examined. 
[0111] Based on results from a previously conducted intravenous dose study with 
[^HjCatpxol'™, the bioavailability of tritium derived from the intratracheal dose was 1229 ± 
026S (mean ± SD) for the three animals in this dose group. It should be noted, however, 
that this estimate of bioavailability is based on total radioactivity. Surprisingly, paclitaxel 
delivered by the pulmonary route using invention compositions with albumin was rapidly 
bioavailable indicating excellent transport across pulmonary endolfaeliumL No toxicity in 
tiie animals was noted, which was surprising since puhnonary delivery of cytotoxics is 
known to cause lung toxicities. 

[0112] A fair amount of radioactivity was present in the gastrointestinal tract (including 
contents) at 24 hr post dosing (27% for the intratracheal dose). The preserice of tritium in • 
the ga^strbintestinal tract may be due to biliary excretion or clearance of tritium from the 
respiratory tract via mucociliary clearance with subsequent swallowing. 

• EXAMPLE 33 

[0113] This example demonstrates an investigation of Aerotech 11 and Pari nebulizers 
for pulmonary ddivery of pharmaceutical compositions comprising paclitaxel and albumin. 
[0114] The study was carried out using the paclitaxel-albumin pharmaceutical 
composition ABI-007 under tiie following conditions: room temperature (20-23^C), rislative 
humidity (48-54%), ambient pressure (629 mmHg), nebulizer flowrate (10 L/min for 
Aerotech II; 7 L/min for Pari), total flowrate (28.3 L/min), nebulizer pressure drop (23 
Ib^^ for Aerotech II; 32 Ib/in^ for Pari), run time (15 to 60 seconds), sample volume (L5 
mL), ABI-007 paclitaxel concentration (5,10, 15 and 20 mg/raL). 
[0115] Both Aerotech II and Pari nebulizers provided acceptable overall eflBciency 
(30%-60%) when ABI-007 was reconstituted at a concentration range of 5-15 mg/mL. The 
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Pari nebulizer eflSdency had higher nebulizer efEciency than fhe Aerotech 11 nebulizer. 
The Pari nebulizer efficiency decreased somewhat as ABI-007 concentration increased. 
Excellent fine particle fraction was observed (74%-96%), The Aerotech II nebulizer had 
higher fine particle fi:action than the Pari nebulizer. The fine particle firaction was 
independent of concentration. 

[0116] The Pari nebulizer delivered 1 00 mg of paclitaxel m less than 30 minutes uising a 
15 mg/mL solution of ABI-007. The Aerotech II nebulizer delivered 100 mg of paclitaxel in 
about 65 mm using either a 1 0 rag/mL or 1 5 mg/mL solution of ABI-007. Performance 
stability was tested for both Aerotech II and Pari nebulizers. Aerosol concentration and 
efSciency of both nebulizers were stable until the drug was exhausted. At 15 mg/mL, the 
Pari nebulizer consumed the ding at twice the rate of the Aerotech 11 nebulizer and 
produced higgler aerosol concentrations than that of the Aerotech n nebulizer. 
[0117] In conclusion; the nanoparticle/albumin formulation of paclitaxel (ABI-OOT)'' 
shows excellent bioavailability in rats when administered by the pulmonaiy route. There 
Weie no overt signs of early toxicity at the administered dose. Pulmonary delivery of 
nanoparticle pacHtaxel (ABI-007) may be achieved using conventional nebulizers 

EXAMPLE 34 

[0118] This example describes intrapiilmonary delivery of a pharmaceutical 
composition comprising albumin and rapamycin. The purpose of this study was to 
determine the pulmonary absor ption of rapamycin in blo od following intratracheal 
instillation to Sprague Dawley rats as compared to intravenous installation. 
[0119] . The target volume cf the intratracheal dose fonnulation tiiat was administered to 
the animalfi was calculated ba^ed on a dose volume of 1 niL per 1^ body. The intratracheal 
dosing apparatus consisted of a Perm-Century microsprayer (Model 1 A-IB; Penn-Century, 
Inc., Philadelphia, PA; purchased from DeLong Distributors, Long Branch, NJ) attached to 
a 1 mL gas-tig^t, luer-lock syringe. The appropriate volume of dose preparation was drawn 
into the dosing ajpparatus, the filled apparatus was weigir^dm^ A 
catheter was placed in the trachea of the anesthetized an i iial, the microsprayer portion of 
the dosing apparatus was placed into the trachea tbiough =he catheter, and the dose was 
administ^ied. After dose admi iiistration the empty ciosir g apparatus was reweighed and the 
administered dose was calculated as the difference in the weights of the dosing apparatus 
before and after dosing. 

[0120] 250 pL samples were collected from the indwelling jugular camiulas of rats at 
the follbwing predetermined post-dosing time points: 1, 5, 10, 15, 30, and 45 minutes (min) 
and 1, 4, 8, and 24 hours (h). /.II blood'samples analyzed were dispensed into pre-weighed 
sanq)le tubes, and the sample tubes were reweighed, and the wei^t of each sample was 
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calculated by subtraction.. The blood samples collected were assayed for total rapamycin 
concentration using LC/MS/MS. 

[0121] Surprisingly, the results showed no significant diffeioice in the bipod 
concentration of rapamycin delivered via pulmonary route versus intravenously. TTie 
bioavailability of ?apamycin delivered by the pulmonary route using a pharmaceutical 
composition comprising albumin was calculated to be 109%, indicating excellent transport 
across pulmonary endothelium. 

" ' EXAMPLE 35 

[0122] . This example demonstrates tissue distribution of albumin-rapamycin after 
intrapuhnonary administration of a pharmaceutical composition comprising rapamycin and 
albumin prepared in accordance with the present invention. The purpose of this study was 
to determine the pulmonary absoiption of rapamycin in tissue following intratracheal 
instillation to Spmgue Dawley rats as compared to intravenous installation. 
[0123] The target volume of the intratracheal dose formulation that was administered to 
the animals was calculated based on a dose volume of 1 mL per kg body. The dosing 
qjparatus con^sted of a Penn-Century microsprayer (Model lA-lB; Penn-Centuiy, lac, 
l^biladelphia, PA; purchased from DeLong Distributors, Long Branch, NJ) attached to a 1- 
mL gas-tight, luer-ldck s^Tinge . The appropriate volume of dose preparation was drawn into 
the dosing apparatus, the filled a pparatus was weighed and the weight-recorded. A catheter 
was placed in the trachea of the .laesthetized animal, the microsprayer portion of the dosing 
apparatus was placed into tlie ti -ichea through the catheter, and the dose was administered. 
After dose administration the empty dosing apparatus ^vas reweighed and the administered 
dose was calculated as the difference in the weights of the dosing apparatus before sind after 
dosing. 

[0124] Samples were collected from the brain, lung, and, liver of lliree rats per group 
per time point at 10 minutes, 45 minutes, 2 hours, and 2i hours. The samples were 
collected and analyzed for total rapamycin concentration using LC/MS/MS. The results 
indicate that rapamycin concentration is greater in lung tissue when delivered via 
pulmonary as compared to intrrivenous delivery. However, the total concentration of 
r^anlycin in the brain is lower v/hen delivered via intra ixacheal (IT) as compared to 
intravenous (IV). Intheliver,ti ere appears to be nodi fiiereiice in the conceiitratira 
i^amycin \\iiether delivered IT or IV. Based on these results, pulmonary delivery of 
rapamycin maybe suitable for ilic treatment of a condition (i.e., lung transplantation), 
wherein high local concentrntiv .n of rapam3'cin would be beneficial. 
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EXAMPLE 36 

[0125] Tliis example demonstrates oral delivery of a pharaiare 
comprising paclitaxel and albumin (ABI-007). 

[0126] Tritiated ABI-007 was utilized to determine oral bioavailability of paclitaxel 
' following oral gavage in rats. Following overnight fasting, 5 rats were given 5.5 mg/kg 
paclitaxel ia ABI-007 (Group A) and another 5 rats (Group B) were pretreated with 
cyclosporine (5.0 mg/kg) followed by 5.6 mg/kg paclitaxel in ABI-007., A pharmacokinetic 
analysis of blood samples drawn at 0.5, 1, 2, 3, 4, 5, 6, 8, 12, and 24 hours was performed 
after detennination of radioactivity in the blood samples by combiistion. Oral 
bioavailability was determined by comparison with intravenous data previously obtained. 
The results are set forth below in Table 5. 

Table 5. Mean AUG 0-24, Cmax, T^ax and % Absorption of ^H-Paclitaxel Derived 
Radioactivity Following Oral Administration 

Group Treatment Dose/Route AUCO-24 Absorption Cmiax (mg/kg) Tmax 
mg/kg (i!g eq X hr/mL) {%) (jigxeq/mL) (hr) 

A ABI-007 in 5,5/POCP) 2.92 44.3 0.245 1 
, NoimalSalliie 

B ABi-007 m5/PO(C), 5.6/PO(P) 8.02 12L1 0.565 0.5 
. Nonnal Saline with Cs A 

[01271 AUG 0-24 IV (6.06 \ig x hrVmL) and IV dose (5.1 mg/kg) were used for 
calculation of percent absoi-ption (data based on IV dose of ABI-007). 
[0128] An oral bioavailabil ity of 44% was seen for ABI-007 alone. This is dramatically 
higher tihan is seen for other formulations of paclitaxel. The bioavailability increased to 
121% when animals were treated with cyclosporine (CsA). This is e)q)ected as CsA is a 
known sq[ipress6r of the p-glycoprotem pump that would normally prevent absorption of 
compoimds such as paclitaxel from tlie GI tract. The greater than 100% bioavailability can 
be explained by reabsorption following biliary excretion of paclitaxel into the GI tract 
Other known suppressors or enhancers of absorption mny be also utilized for this purpose, 

EXA^dPLE37 

[0129] This example demonstrates improved penetration of paclitaxel into red blood 
cells and tumor cells upon administration of a pharmaceutical composition comprising 
paclitaxel and albumin. 

[0130] Human MX-1 breast tumor fragments were implanted subcutaneously in afliymic 
mice. A pharmaceutical composition comprising paciiiaxel and albumin C*paclitaxel- 
albumin^, as described previously, and Taxol were prepared with paclitaxel to a specific 
activity of 25 jiCi/mg paclitaxel. 20 mg/kg radiolabeled paclitaxel-albumin or Taxol was 
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administered intraveiiously in saline when tumor volume readied approximately 500 nmi^. 
Plasma, blood, and tumor tissue were sampled and analyzed for radioactivity at 5, IS, and 
30 minutes and at 1, 3, 8, and 24 hours after administratioiL Tumor pharmacokinetic (AUC 
and absorption constant) was analyzed using WinNonlin, Pharsi^t, USA. 
[0131] Paclitaxel-albumin exhibited rapid partitioning mto red blood cells (RBCs) as 
shown by a i^id drop of the plasma/blood radioactivity ratio to unity after intravenous 
administration of the drug. Complete partitioning into RBCs occurred as early as 1 hr after 
administration of paclitaxel-albumin. In contrast, the partitioning of pacUtaxel formulated 
as Taxol into FBCs was much slower and was not completed until more than 8 hrs. 
[0132] .Paclitaxel-albumin exhibited a rapid partitioning into tumor tissue with an 
absorption constant (Ka) that was 3.3X greater than Taxol. The Ka were 0,43 hr"* and 0.13 
hr*^ for paclitaxel-albumin and Taxol, respectively. Rapid uptake of paclitaxel resulted in 
33% hi^er tumor AUC for paclitaxel-albxmiin than for TaxoL The AUC were 3632 
nCi*hr/g and 2739 nCi*hr/g for paclitaxel-albumm and Taxol, respectively. . 

EXAMPLE38 

[0133] This example demonstrates tlie safety of a pharmaceutical composition 
comprising paclitaxel and albumin administered to mice. 

[0134] . Athymic mice were treated with escalating doses of pacUtaxel-albumin or Taxol 
everyday for 5 consecutive days". Survival was plotted versus dose to determine the LD50. 
Survival was greatly improved wth paclitaxel-albumin versus Taxol (p=0.017, ANOVA). 
The LD50 for paclitaxel-albumin and Taxol were calculated to be 47 mg/kg/day and 30 
mg/kg/day for a qld x 5 schedule, respectively. At a dose level of 13,4 mg/kg/day, both 
paclitaxel-albumin and Taxol were well tolerated with mortality of 1% (1 death out of 72 
mice) and 4% ( 2 deaths out of 47 mice), respectively. At a dose level of 20 mg/kg/day, 
there was 1% mortality for paclitaxel-albumin (1 death out of 72 mice) versus 17% 
mortality for Taxol ( 8 deaths out of 47 mice) (p=0.0025). At a dose level of 30 mg/kg/day, 
there was 4% mortality for paclitaxel-albumin (3 deaths out of 72 mice) versus 49% 
mortality for Taxol (23 deaths out of 47 mice) (p<0.0001). 

EXAMPLE 39 ' 

[0135] This example demonstrates a novel paclitaxel transport mechanism across . 
microvessel endothelial cells (EC) for poclitaxel-albumin compositions. 
[0136] Nanoparticles ajid albmnin-pacHlaxel compositions can accumulate in tumor 
tissue due to EPR effect resulting from Meaky' vessels in a tumor. An albumin specific gp60 
receptor (albondin) transported albumin across EC by traiiscytosis of the receptors within 
caveolae at tihe cell surface. This transcytosis mechanism allows for the transport of 
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albumin-paclitaxel to the underlying interstitial space. In contrast, cremophor in Taxol 
inhibited binding of paclitaxel to albumin, greatly reducing paclitaxel transport to the tumor. 
In addition, the gpI6 and gp30 receptors also were involved in intracellular transport of 
modified albumins containing bound pad itaxel, resulting in increased binding of paclitaxel - 
to endothelial cells with a greater anti-angiogenic effect as compared to Taxol. 

EXAMPLE40 

[0137] This example demoiistrates an increase in endothelial transcytosis of 
pharmaceutical compositions comprisinf? ]^aclitnxel and albumin as compared to TaxoL 
[0138] Human lung micro vessel end: Ihelial cells (HLMVEC) were grown to 
confluence on a transwelL 1 he inventive r harraaceutical composition comprising paclitaxel 
and albumin, or Taxol containing fluoresi ent paclitaxel (Flutax) at a concentration of 20 
\ig/ToL, was added to the upper transwell chamber. 

[0139] ■ The transport of paclitaxel by ixanscytosis from the upp^ chamber to the lower 
chamber was monitored continuously usi r\g a fluorometer. A control containing only Flutax 
vdthout albumin was also used. The conu ol widi Flutax showed no transport validating the 
integrity of the confluent I^L^^VEC men : layer. Transport of paclitaxel from the albumin- 
paclitaxel composition was much faster ti in paclitaxel from Taxol in the presence of 5% 
HSA (physiological concentnuion). Trai , port rrte constants (Kt) for the albimiin-paclitaxel 
cotdposition and Taxol were 1 .396 hr'^ ajvi 0.03 iir"*, respectively. The total amount of 
paclitaxel transported across the monolayer was three times higher for the albumin* 
paclitaxel composition than Taxol. 

EXAMPLE 41 

[0140] . This example demonstrates in- pro ved endothelial cell (EC) binding by 
phamiaceutical compositions comprisinG: ^■aciitaxel and albumin as compared to TaxoL 
[0141] Human umbilical vein endoti . : : ial eel i s (I-RA-^EC) were grown on a 96-weIl 
microliter plate. In one experiment,' pac] I taxel (Flutax- Oregon Green labeled paclitaxel) 
was reacted with the HUVEC in the preseace of increasing concentrations of Cremophor 
EL/EtOH, vdiich is the veh icle for Taxol . In an other experiment, a pharmaceutical 
composition comprising albumin and Fliirax nnc! a Taxol-Flutax composition were reacted 
to the HUVEC at various final concentrr ^ions. Binding of paclitaxel to cells was inhibited 
by Cremophor. Miibitioa was exhibited hy 3o iCso of 0.02% of Cremophor EL/EtOR 
This concentration of Cremophor hss be; r s-n . vn to pei r ist during Taxol chemotherapy for 
at least 24 hours. Therefore, it is a relev^Lut pmcess in vivo. At all concentrations tested^'a 
sdgnificant amount of pacli taxel from the albii a: i n-paclitaxel composition became bound to 
cells. In comparison, little or i\o binding was observed for Taxol. 
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. EXAMPLE42 

[0142] This example demonstrates improved albumin binding by phaimaceutical 
compositions comprising paclitaxel and albumin as compared to TaxoL 
[0i43] Human Serum Albumin (HS A) was immobilized on a plastic ELISA pkte. 
Paclitaxel (Flutax- Oregon Green labeled paclitaxel) was reacted with the immobilized HSA 
in presence of increasing concentrations of Cremophor EL/EtOH. In another experiment, 
an albumin-paclitaxel-Flutax composition and a Taxol-Flutax composition were reacted to 
immobilized HSA at a fmal concentration of 20 iig paclitaxel/mL. Binding of paclitaxel to 
albumin was mhibited by Cremophor. IjLbibition was exhibited by an IC50 of 0.003% of • 
Cremophor EL/EtOH. This concentration of Cremophor has been shown to jiersist during 

' Taxol chemodierapy for at least 24 hours. Therefore, it is a relevant process 172 vfvo. At a 
relevant phaimacologic paclitaxel conceatratioii (20 (xg/mL), a significant amount of 
paclitaxel ftom the albiunin-paclitaxel composition became bound to imniobilized KGSA. In 

.cdniparison, no bindmg Avais observed for Taxol. 

EX/V.MPLE43 

[0144] Tins example demonstrates increased transfer of paclitaxel to albumin for 
pharmaceutical compositions comprising paclita:<el and albumin as compared to TaxoL 
[0145] Taxol-Flutax and albiimin-paclitaxel-Fhitax compositions were mixed with 
either 5% HSA in Hanks biiffer or semni, at 20 |Jg/mL, 40 |ig/ml, and 80 |Lig/ml. The 
mixtures were immediately separated ox\ a native 3-14% polyacrylamide gel and the amount 
of paclitaxel bound to albumin was determined by a scanning fluorometer. The transfer of 
paclitaxel to HSA was more rapid for (he albximin-paclitaxel composition versus TaxoL 
More paclitaxel co-electrophoresed witli HSA when either serum or 5% HSA was incubated 
with the albimun-paclitaxei-Flutax composition or the Taxol-Flutax composition. Upon 
exposure to 5% HSA, 45%, 60%, and 3 3% more paclitaxel transferred to HSA for the 
albumin-paclitaxei-Flutax composition than for the TtixoJ -Flutax composition, at 20 |ig/ml, 
40 |xg/ml, and 80 jig/ml, respectively. Upon exposure to human serum, 121%, 31%, and 
83% more paclitaxel transferred to HSA for the albumin-paclitaxel-Flutax composition than 
for the Taxol-FIutax composition, at 20 iighvA, 40 |ig/nil and 80 fig/ml, respectively. The 
Cmax for ABI-007 at 260 mg/m*^ is approxi; -laiely 20 |ig/mL, therefore tiiis is an important 
process in vivo. 

EXAMPLE 44 

[0146] This example demonstrates tiiat ihc glycoprofein receptor gp60 is responsible for 
binding and transcytosis of aibumin-paclitrixel. 
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[0147] Fluorescent labeled paclitaxel (Flutax) alburnin compositions were contacted, 
with microvessel endothelial cells in culture. Fluorescent staining was observed under a 
microscope with evidence of punctuate areas tliat were postulated to be the gp60 receiptor 
binding tiie albumin-paclitaxel. Hiis was confirmed by using rhodamine labeled albumin 
\diich colocalized with the punctuate fluorescence of paclitaxel. . 

EXAMPLE 45 

[0148] This example demonstrates that increasing amounts of albumin can compete . 
with binding of paclitaxeL 

[0149] Albxmiin was immobilized on a microtiter plate. Fluorescent paclitaxel was 
added into the wells and the binding of paclitaxel was measured using a scanning 
fluorometer. Increasing amounts of albumin were added to the wells and the level of 

. inhibiton of paclitaxel binding to unmobiiized albumin was measured. The data showed 
that as the amotmt of albumin added- was increased, a corresponding decrease in binding 

. was seen, A similar effect was seen with binding to endothelial cells. Hiis indicated that 
higher albumin concentration inliibited birui ing of paciiiaxei. Thus invention compositions 
having lower amounts of albiunin are prefesxed. 

EXAMPLE 46 

[0150] ' This example demonstrates uMai io vver amounts of albumin in the invmtive 
pharmaceutical composition results in stable compositions. 

[0151] To investigate if lower amount? of albumin in compositions would affect 
stability of the inventive phamiaceiitical c- niposition, albuj in-paclitaxel compositions with 
low amounts of albumin were prepared: It was found that these compositions were as stable 
as compositioiis with higher quantities of a I bumin when examined for several moiiths at 
dififerent temperatures (2-8 °C, 25 °C and 40 *^C) for potency of paiclitaxel, impurity 
formation, particle size, pH and other typic: I parameters of stability. Thus compositions 
with lower imiounts of albumin are prefeix^^d as tliis can greatly reduce cost as well as allow 
increased binding and transport to ceils. 

EXAMPLE 47 

[0152] This example demonstrates a p : = ^vrniaceutical composition coiuprising albumin 

and paclitaxel having a high albumin to pn- l itaxel ratio. 

[0153] 30 mg of paclitaxel was dissolv xl in 3,0 ml methylene chloride. The solution 
Was added to 27.0 ml of huraan serum ni!r..:? :iin solution (3 ; . w/v) (corresponding to a ratio 
of albumin to paclitaxel of 27). Defcroxai -iiie was added as necessary. Hie mixture was 
homogenized for 5 minutes at low KPhi 0 ' ti is homogemzer, model Tempest LQ.) in order 
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to fonn a crude emulsion, and then transferred into a high pressure homogenizer (Avestin). 
The emulsification was performed at 9000-40,000 psi wliile recycling fhe emulsion for at 
least S cycles. Hie resulting system was transferred into a rotary evq>orator/and methylene 
chloride was rapidly removed at 40°C, at reduced pressure (30 nmx Hg) for 20-30 minutes. 
The resulting dispersion was translucoit, and the typical average diameter of the resulting 
paclitaxel particles was in the range 50-220 nm (Z-average, Malvern 2ietasizer). The 
dispersion was further lyophilized for 48 hrs. The resulting cake was ^ily reconstituted to 
the original diversion by addition of sterile water or saline. The particle size after 
reconstitution was the same as before lyophilization, 

[0154] It ishould be recognized that the amounts, types and proportions of drug, 
solvents, proteins used in this example are not limiting in any way. When compared to 
toxicity of pacEtaxel dissolved in cremophor formulations, the inventive pharmaceutical 
composition containing albxmiin showed substantially lower toxicity. 

EXAMPLE 48 

[0155] This example demonstmtes a pharmaceutical composition comprising albumin 
and paclitaxel having a low albumin to paclitaxel ratio. 

[0156] Specifically, 300 mg of paclitaxel was dissolved in 3.0 ml meth)4ene chloride. 
The solution was added to 27 ml of himian serum albumin solution (5% w/v). 
(corresponding to a ratio of albumin to paclitaxel of 4.5). Deferoxamine was added as 
necessary. The nadxture was homogenized for 5 minutes at low RPM (Vitris homogenizer, 
model Tempest LQ.) in order to form a crude emulsion, and then transferred into a high 
pressure homogenizer (Avestin), The emulsification was performed at 9000-40,000 psi 
vMlo recycling the emulsion for at least 5 cycles. The resulting syst^ was transferred into 
a rotary evaporator, and methylene chloride was rapidly removed at 40^C, at reduced 
pressure (30 mm Hg) for 20-30 minutes. The resulting dispersion was translucent, and liie 
typical average £ameter of the resulting paclitaxel particles was in the range 50-220 nm (Z- 
average, Malvern Zetasizer). The dispersion was finther lyophilized for 48 hrs. The 
resulting cake was easily reconstituted to the original dispersion by addition of sterile water 
or saline. The particle size after reconstitution was the same as before lyophilization. 
[0157] It should be recognized that th e amounts, types and proportions of drug, 
solvents, proteins used in this example are not limiting in any way. When compared to 
toxicity of paclitaxel dissolved in cremopJior formulations, the inventive pharmaceutical 
composition containing albiunin showed substanti ally lower toxicity. 



wo 2004/052401 



PCT/US2003/038941 



44 

EXAMPLE49 

[0158] This example demonstrates a pharmaceutical composition comprising albumin 
and paditaxel having an intermediate albmnin to paclitaxel ratio. 
[0159] Specifically, 133 mg of paclitaxel was dissolved in 3.0 ml methylene chloride. 
He solution was added to 27 ml of human serum albumin solution (5% wAO- 
Deferoxamine was added as necessary. The mixture was homogeni23Bd for 5 miiiutes at low 
RPM (Vitris homogenizer, model Tempest LQ.) in order to form a crude emulsion, and then 
transferred into a high pressure homogenizer (Avestin). The emulsification was performed 
at 9000-40,000 psi while recycling the emulsion for at least 5 cycles. The resulting system 
was transferred iuto a rotary evaporator, and methylene chloride was rapidly removed at 
40®C, at reduced pressure (30 mm Hg) for 20-30 minutes. The resulting dispersion was 
translucent, and the typical average diameter of the resulting paclitaxel particles was in the 
range 50-220 nm (Z-average, Malvem Zetasizer). The dispenddn was further lyophilized 
for 48 hrs. The resulting cake was easily reconsti tuted to the original dispersion by addition 
bf stedle water or saline,- The particle size after reconstitution was the same as before 
lyophilizatioiL The calculated ratio (w/w) of albumin to paclitaxel in this invention 
conq}Osition is approximately 10. 

[0160] It should be recognized that the amounts, types and proportions of drug, 
solvents, proteins used in this example are not limiting in any way. When compared to 
toxicity of paclitaxel dissolved in cremophor fomiulations, the inventive pharmaceutical 
composition containing albumin showed substantially lower toxicity. 

EXAMPLE 50 

[0161] This example demonstrates the treatment of rheumatoid arthritis in an animal 
model wiflx an albumui-paclitaxe] composition. 

[0162] The collagen induced arthritis model in the Louvain rat was used to test the 
therapeutic effect of albumin-paclitaxel composition on arthritis. The paw sizes of the 
experimental animals v^^ere monitored to evaluate the seriousness of arthritis. 
[0163] . After thearthiitis was fully developed (usually -9-10 days after collagen 
injection), the experimental animals were divided into different groiq)S to receive either 
albumin-paclitaxel Img/lcg q.o.d, or albumin-pacl itaxel 0.5mg^ + prednisone 0.2mg/kg 
q.o.d. (combination treainient) inixaperitoneally for 6 doses, then one dose p&c week for 
three wee|cs. The paw sizes were ixieasured at the begirming of treatment (day 0) and every 
time the drug was injec'ed. One group received only normal saline as control. By the end 
of the e3q)eriment, the group recei v ing albumin-paclitaxel achieved a 42% reduction of paw 
size, the combination treatment group showed a 33% redi: tion of the paw size, while the 
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control groi^ had about 20% increase of Ae paw size relative to the time when the 
treattnent vms iiutiated. 

[0164] In conclusion, the albumin-paclitaxel compositions demonstrated therapeutic 
effect on arthritis. The albumin-paclitaxel combinations are likely to localize at sites of 
arthritic lesions by transport through receptor-mediated mechanisms like gp60. 

EXAMPLES! 

[0165] This example demonstrates the use of albumin- paclitaxel compositions to treat 
cardiovasculjd: riestenosis. 

[0166] Paclitaxel eluting stents in animals cause incomplete healing and, in some 
instances, a lack of sustained suppression of neoiiitimal growth in the arteries. The present 
study tested the efficacy of a novel systemic delivery albumin-paclitaxel invention 
compositions for reducing in-stent restenosis. 

[0167] Saline-reconstituted albumin-paclitaxel was tested in 38 New 2iealand White 
rabbits receivmg bilateral iliac artery stents. Doses of albumin-paclitaxel (1.0 to 5.0 mg/kg 
paclitaxel dose) were administered as a 10-minute intra-aiterial infusion; control animals 
received vehicle (0.9% normal saline). 

[0168] In a follow- -j p chronic experiment, albimiin-paclitaxel 5.0 mg/kg was given at 
stenting with or without an intiavenous 3.5-mg/kg repeatalbumin-paclitaxel dose at 28 days; 
these studies were terminated at 3 months. At 28 days, mean neointimal thickness was 
reduced (p<=0.02) by doses of albumin-paclitaxel >= 2.5 mg/kg with, evidence of delayed 
healing. The eflScacy of a single dose of albumin-paclitaxel 5.0 mg/kg, however, was lost 
by 90 days. In contrast, a second repeat dose of ai 'Dumin-pacUtaxel 3.5 mg/kg given 28 days 
after stenting resulted ia sustained suppression of neointimal thickness at 90 days (p<=O,009 
versus dngle dose albur lin-paclitaxel 5.0 mg/kg and controls) with nearly conq)lete 
neointimal healing. 

[0169] Although systemic albumin-paclitaxel reduces neointimal growth at 28 days, a 
single repeat dose was required for sustained neointimal suppression. Thus, the inventive 
compoffltion is suitable for treatment of cardiovascular diseases such as restenosis. 
Inventive compositions comprising pharmaceutic;:! agents other than paclitaxel, for example 
rapamycin^ other texanes, epotliilones etc, are all suitable for treatment of restenosis in 
blood vessels or artificial blood vessel grafts such as those used for arterio-venous access m 
patients requiring hemodialysis. 
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WHAT is CLAIMED IS: 

1. ' A phannaceutical composition comprising a pham^^ 
jphatmaiie^ acceptable carrier, wherein the phannaceutically acceptable cairidr • 

. comprises albumin in an amoimt effective to reduce one or more side effects of 
, administration of the pharmaceutical composition into a human, and v^erein the 

phannacieutically acceptable carrier comprises deferoxamine in an amount effective to . 

inhibit iniax)bial growth in the pharmaceutical composition. 

2. ■ The pharmaceutical composition of claim 1, herein the pharmaceutical 
.agent is iselected from the group consisting of anticancer agents, anesthetics, 
antimicrotubule agents, agents to treat cardiovascular disorders, antihypertensives, anti- 
inflaniihriatory agents, ajiiti-arthritic agents, antiasthmatics, analgesics, vasoactive agents, 
immuii6si4>pressive agents, antifungal agents, antiarrhythmic agents, antibiotics, and 
hormoties. . • ' 

3. The pharmaceutical composition of claim 2, \^erein the pharmaceutical 
agehtis iselected from tiie group consisting of paclitaxel docetaxel, taxanes, camptotbecin, 
propofol, amiodarone, c yclosporine, rapainycin, amphotericin, liothyronine, epothilones, 
colchicines, thyroid ho inones, vasoactive intestinal peptide, corticosteroids, melatonin, 
tajTOliniius,mycophenoi:c acids, and derivatives thereof. 

4. The pharmaceutical composition of claim 3, wherein the pharmaceutical 
agent is ipropofoL 

. 5- The pharmaceutical composition of claim 1, wherein the pharmaceutical 
coniposition is a liquid und comprises from about 0.1% to about 25% by weight of albumin. 

6. The pha3 maceutical composition of claim 5, \^erein flie pharmaceutical 
c6m|)0Sitidn comprises about 0.5% to about 5% by weight of albumiiL 

7. The phamaceutical composition of claim 5, wherein the pharmaceutical 
composition is dehydrDl ed. 

8. The pharmaceutical cdrnposition of claim 6, wherein the pharmaceutical 
conqsdsitioii is lyophili 7 d. 
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9. The pharmaceutical composition of claim 1, wherein the pharmaceutical 
composition contqnises a mesylate salt of deferoxamine. 

10. The pharmaceutical composition of claim 9, v^erein the pharmaceutical • 
composition is a liquid and comprises firom about 0.0001% to about 0.5% by weight of 
defd:oxatiiine mesylate. 

11. * The pharmaceutical composition of claim 10, herein the pharmaceutical 
con^dsition conqnisies about 0.1% by weight of deferoxamine mesylate. 

12. The pharmaceutical composition of claim 10, wherein the pharmaceutical 
composition is dehydrated. " . 

13. ' The pharmaceutical composition of claim 12, wherein the pharmaceutical 
composition is lyophilized. 

• ■ ' ' * . " 

14. The pharmaceutical composition of claim 1, wherein the pharmaceutical 
<k>nli)6sition is an oil4n-water emulsion. - 

is. The pharmaceutical composition of claim 5, wherein the pharmaceutical 
agent is propofol. 

16. The pharmaceutical composition of claim 1 0, wherein the pharmaceutical 
ageint is prbpofoL 

17. The pharmaceutical composition of claim 9y wherein Ihe pharmaceutical 
agent is propofol, tihie propofol is present in an amount from about 0.1% to about 5% by 
weight, the albumin is present in an amount from about 0.1% to about 25% by weight, and 
the deferoxamine mesylate is present in ati amount from about 0.0001% to about 0.5% by 
weight 

. 18. A pharmaceutical composition comprising a pharmaceutical agent and a 
phannaceutically acceptable carrier, wherein the pharmaceutically acceptable carrier 
comprises albumin in an amount effective to reduce one or more side effects of 
administration of tiie pi =annaceutical composition into a hiunan, and wherein the 
phannaceutically acceptable earner comprises deferoxamine in an amount effective to 
inhibit oxidation in the pharmaceutical composition. 
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19. A method for reducing one or more side effects associated wilii 
adxninisbation of a pharmaceutical composition to a human, yMch method comjiiises 
£ul^inistering to a human a pharmaceutical composition comprising a pharmaceutical agent 
and a pharmaceutically acceptable carrier, \^^e^ei^ the pharmaceutically acceptable carrier 
(x>iiag)rises albumin and deferoxamine. 

. 20. The method of claim 1 9, wherein the pharmaceutical agent is selected from 
the group consisting of anticancer agents, anesthetics, antimicrotubule agents, agents to treat 
cfflixiiovascular disorders, antihypertensiA cs, anti-inflammatoiy agents, anti-arthritic agents, 
antiasthmatics, analgesics, vasoactive agents, immunosuppressive agents, antifungal agents, 
ainlianrh}^^ agents, antibiotics, and hniinones. 

21. The method of claim 20, wherein the pharmaceutical agent is selected from 
the groiq) consisting of paclitaxel, docetaxel, taxanes, camptothecin, propofol, amiodarone, 
cycld^orine, rapamycin, amphotericin, liotliyronine, epothilones, colchicines, thyroid 
hdtiinones, vasoactive ir lestinal peptide, * orticosteroicis, melatonin, tacrolimus, 
mycdjihenolic acids, and derivatives thei f. 

22. The method of claim 2 1 , \ /herein the pharmaceutical agent is propofoL 

23 . The method of claim 1 9, v/herein the pharmaceutical composition is a liquid 
and comprises from about 0.1% to about 25% by weight of albumin. 

! 24. Hie met} :od of claim 23, vvherein tlie pharmaceutical composition comprises 
abdut 0,5% to about 5% by weight of alt j rain. 

25- The method of clmm 23, wherein the pharmaceutical composition is 
dehydrated. 

26. The method of claim 25, wherein the pharmaceutical composition is 
lyophilized. 

: 27. The method of claim 23, vvherein tlie pharmaceutical agent is propofoL 



28. The method of claim 19, wherein the pharmaceutical composition comprises 
a mesylate salt of deferoxamine. 
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29. The method of cldm 28, wherein the phaixnaceutical co^ 

and conq^rises ftom about 0.0001% to about 0.5% by weight of deferoxamine mesylate, 

30. The method of claim 29, wherein the pharmaceutical composition coioaprises 
abbtit 0.1% by weight of deferoxamine mesylate. 

31. The method of claim 29, wherein the pharmaceutical composition is 
ddiydrated . . * 

32. The method of claim 3 1 , wherein the pharmaceutical composition is 
lybphilized. 

33. . ' The method ofclaim 29, wherein the pharmaceutical agent is propofoL 

34.. The method of claim 28, wherein the pharmaceutical agent is propofol, the 
pn>pofi}l is present in an amount from about 0.1% to about 5% by weight, the albumin is 
present in an amount from about 0. 1% to about 25% by weight, and the deferoxamine 
mesylate is present in an amount jfrom about 0.000 1% to about 0.5% by wei^t 

35. The method of claim 1 9, wherein the pharmaceutical composition is 
administered to the human via intravenous administration, intra-arterial administration, 
intrapulmonary administration,. oral administration, inhjii: ition, intra-tracheal administratio]i» 
intravesicular administration^ intramuscular administrntic subcutaneous administration, 
intraocular administration, intmthecal adjiiinistration, ox t ansdermal administration. 

36. The method of claim 1 9, wherein tlie one or more side effects are! selected 
fix)m the group consisting of myelosuppirej^sion, neurotoxicity, hypersensitivity, venous 
irritation, inflanomation, phlebitis, pain, skin irritation, ar : combinations thereof. 

37. A method for inhibiting microbial grouih la a pharmaceutical composition, 
vMch metiiod comprises preparing a phar naceutical 'co\ osition comprising a 
pharmaceutical agent and a pharmaceuticall / acceptable irier, wherein the 
phaimaceutically acceptable carrier comprises deferoxan ; : ae in an amount effective for 
inhibiting microbial growth in the pharmaceutical conipo.Tition. 
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38. The method of claim 37, wherein the pharmaceutical composition compiises 
a ine^late salt of deferoxamine. 

. 39. The method of claim 38, wherein the pharmaceutical composition is a liquid 
aiid cbnq)nses fiom about 0.0001% to about 0.5% by wt i ght of deferoxamine mesylate. 

40. The method of claim 39, wherein the ph armaceutical composition comprises 
abbut 0,1% by weight of deferoxamine mesylate. 

41. Themethodof claim 39, wherein the phannaceutical composition is 
dehydrated 

42. The method of claim 41, wherein the phn? niaceutical composition is 
iyopbilized. 

43. Themethodof cldm 37, wherein the phrirraaceuticalcomj^ 
comii>rises albuniin. 

44. A method for inhibiting oxidation of a ph aimaceutical composition, which 
method.comprisesprepmmg a pharmaceutical composi i / a comprising a pharmaceutical 
agent and a phaimaceutically acceptable carrier, wherei i ■ ;be pharmaceutically acceptable 
carrier coinprises deferoxamine in an amoy at effective ! inhibiting oxidation of the 
phaimiiceutical composi don. 

.45. The method of claim 44, wherein the ph ar niaceutical composition comprise^ 
a mesylate salt of deferoxamine. 

. 46. The method of claim 45, wherein the ph n ■ : mceutical composition is a liquid 
and coiniprises firom about 0.0001% to abou!: 0.5% by vv • of deferoxamine mesylate. 

: 47. The metliod of claim 46, wherein the ph n r; aceutical composition comprises 
abbut 0.1% by weight of deferoxamine mesylate, 

48, The method of claim 46, wlierein the phz r; aceutical composition is 
dehydrated. 
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49. The method of claim 48, wherein the pharmaceutical composition is 
lyopMlizedL 

50. The method of claim 44, wherein the pharmaceutical composition further 
comprises albumin. 

51. * A method for enhancing transport of a pharmaceutical agent to the isite of an 
infinnity, which method comprises adaiinistering to a hurrs an a pharmaceutical composition 
coinprising a pharmaceutical agent and a phannaceutica lly acceptable carrier, wherein the 
phannaceiidcally acceptable carrier comprises albumin, and wherein the mtio of albumin to 
pharmaceutical agent in the pharmaceutical composition is about 18:1 or less. 

52. Tliemethodof claim 51, wherein the pharmaceutical agent is selected from 
the grbup consisting of anticancer agents, anesthetics, antutdcrotubule agents, agents to treat 
cardiovascular disorders, antihypertensives, anti-inflammatory agents, anti-arthritic agents, 
antiasthmatics, analgesics, vasoactive agents^ immunosi oppressive agents, antifungal agents, 
antianhylimiic agents, antibiotics, and hormones. 

53. The method of ciaim 52, wherein the phanBaceutical agent is selected from 
the groi^ consisting of paclitaxel, .docetaxel, taxanes, cnniptothecin, propofol, amiodarone, 
cyclosporine, rapamycin, amphotericin, liothyronine, epothilones, colchicines, thyroid 
hormones, vasoactive intestinal peptide, corticosteroids, i n .:latonin, tacrolimus, 
niycophenolic acids, and derivatives thereo f. 

54. The method ofclaim 51, wherein the pharniaceutical agent is a niwldc acid 
sequence. 

55. The method of claim 54, wherein the nucleic acid sequence is a DNA 
sequence 

56. The method of claim 5 1 , wherein the infiimity is selected from the group 
cohsisting of cancer, arthritis, and cardiovascular disease. 

57. The method of claim 5 1 , wherein the pharmaceutical composition is a liquid 
and comprises from about 0.1% to about 2 5% by wei^^ht of albumin. 
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58. The method of claim 57, wherein the phamiaceutical composition comprises 
about 0.5% to about 5% by weight of albun7in. 

59. The method of claim 57, wherein the pharmaceutical composition is 
dehydrated 

60. The method of claim 59, wherein the pharmaceutical composition is 
lyophilized. 

61 . The method of claim 5 1 , wherein the ratio of albmnin to phannaceutical . 
agent in the pharmaceutical composition is about 12: 1 or less.. 

62. . The method of claim 5 1 , wherein the ratio of albumin to phannaceutical 
agent in the pharmaceutical composition is about 9:1 or less. 

. 63 . The mefliod of claim 5 1 , wherein the phannaceutical composition is 
administered to the human via intravenous administration, intra-arterial administration, 
intrq)tilmohary administration, oral adnii ni.^tr2tion, inhalation, intra-tracheal administration, 
intravesicular adininistration, intramuscular adrninistration, subcutaneous administration, 
intraocular adnunistmtion, intrathecal administration, or tratisdermal administration. 

• 64. A method for enhancing b i adiiig of a phannaceutical agent to a cell in vitro 
or in vivo, which method comprises admlr istering to said cell in vitro or in vivo, a ' 
pharmaceutical composition comprising a nb a rmaceutical agent and aphaimaceuticaUy 
acceptable carrier, wherein the pharmaceu- ically acceptable carrier comprises albumin, and 
vdieceintiie ratio of albumin to phamiact i::icr:i agent in ihe pharmaceutical composition is 
about 18:1 or less. 

65. The method of claim 64, wherein the pharmaceutical agOTt is sdected from 
the groiqp consisting of anticancer agents, nr.esthetics, a-itimicrotubule agents, agents to treat 
cardiovascular disorders, antihypertensives, aati-inflamniatory agents, anti-arthritic ieigents, 
antiasthmatics, analgesics, vasoactive ager^^.. ijnmunosuppressive agents, antifungal agents, 
ahtiardiythmic agents, antibiotics, and ho rriones. 

. 66, The method of claim 65, Vvherein the pharmaceutical agent is selected &om 
the group consisting of paclitaxel, docelaxel: taxanes, camptothecin, propofol, amiodarone, 
cyclosporine, rapamycin, amphotericin. ] oiir/ronine, epoth lones, colchicines, thyroid 
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honnones, vasoactive intestinal peptide, corticosteroids, melatonin, tacrolimus, 
mycophenolic adds, and derivatives thereof. 

67. The method of claim 64, wherein the pharmaceutical agqnt is a nucleic add 

sequence. * ' 

68, . The method of claim 67, wherein the nucleic acid sequence is a DNA 
sequence 

69. The method of claim 64, wherein the cell is an endothelial celL 

' 70. The method of claim 64, wherein the pharmaceutical composition is a liquid 
and comprises from about 0,1% to about 25% by weight of albumin. 

71. The method ofclaim 70, wherein the pharmaceutical composition comprises 
about 0.5% to about 5% by weight of albumin. 

72. . The method of claim 70, wherein the pharmaceutical composition is 
dehydriated. 

73. The method of claim 72, wherein the pharmaceutical composition is 
lyophilized. : 

74. • Tlie method of claim 64, wherein the ratio of albumin to pharmaceutical 
agent in the phaimaceutical composition is about 1 2: 1 or hivs. . 

75. ' The method of claim 64, wherein the ratio of albumin to pharmaceutical gent 
inthephatmaceutical composition is about 9:1 or less 

76. The method ofclaim 64, wherein the pharmaceutical conq)osition is 
administered to the cell in vivo via intraveheiis admmistrati :a, intra-arterial administration^ 
intr25)ulmonary administration, oral admi nisi ration, iDhal£H n, intra-tracheal administration, 
intravesicular administration, intramuscuiar administratio);, ubcutaneous administration, 
intraocular administration, intrathecal adrainistration, or h r^i deinaal administiatioiL 



77. A pharmaceutical compo? :i ion comprising a ] harmaceutical agent and a 
pharmaceutically acceptable carrier, wbe; ei n the pharmacer : ically acceptable carrier 
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comprises albumin in ah amount effective to reduce one or more side.efifects of 
administiailon of the pharmaceutical composition into a hiiaian, and \i^erein the ratio of 
albumin to pharmaceutical agent is about 1 8 : 1 or less. 

78. The pharmaceutical composition of claim 77, wherem the ratio of albumin to 
pharmaceutical agent in the pharmaceutical composition is about 12:1 or less. 

79. The pharmaceutical composition of claim 77, wherein the ratio of albumin to 
pharmaceutical agent in the pharmaceul ical composition i i bout 9:1 or less. 

80. A pharmaceutical composition comprising a pharmaceutical agent and a 
ph^inhaceutically acceptable, carrier, wherein the pharmacentically acceptable carrier 
comprises albumin in an amount effective to increase trarsrort of the drug to the site of 
infirmity in a human, and wherein tlie ratio of albumin to pharmaceutical agent is about 
18:1 or less. 

81. * The pharmaceutical composition of claim SO. wherein the ratio of albumin to 
pharmaceutical agent in tlie pharmaceut i cal composition is -^bout 12:1 or less. 

82. The pharmaceutical com] ;os ition of claim : ,■ , wherein the ratio of albumin to 
pharmaceutical agent ia the pharmaceutical compositioi^ • bout 9:1 or less. 

83. TTie phiarmaceutical composition of claim 0. wherein the infirmity is 
selected fix)mtiie group consisting of caiicer, arthritis, air ' / rdiovascular disease. 

84. Hie pharmaceutical composition of claim 1 , ^herein the ratio of albmrdn to 
pharmaceutiqal agent is about 1 8 : 1 of lesi. 

85. A method for increasing the transport of a j r armaceutical agent to a cell in 
vitro or in vivo by combining said agent with a protein, wh r rein said protein binds a specific 
cell-surface xec&ptor on said cell, wherei :i said biiiding of protein-pharmaceutical ageiit 
combination with the naid receptor causes; ihe transport to iir, and ^Aerein the ratio of 
protein to pharmaceutical agent is about 13:1 or less. 

86. The met hod of claim 85, v^herein the prote' is albuiniiL 

87. The method of claim 85, ^vherein the phar '^eutical ^ent is selected firom 
the groi^ consisting of anticancer agent?, -iiestlietics, ar :rotubule agents, agents to treat 

I 
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cardiovascular disorders, antihyperteiosives, anti-inflammatory agents, anti-arthritic agents, 
axxdasthmatics, analgesics, vasoactive agents, inrniunosuppr essive agents, antifungal agents, 
antianhytimiic agents, antibiotics, and hormones. 

88. The method of claim 87, wherein the pharmaceutical agent is selected from 
fhe group consisting of paclitaxel, docetaxel, taxanes, camptothecin, piopofol, amiodarone, 
cyclosporine, rs^iamycin, amphotericin, liothyronine, epothilones, colchicines, thyroid 
hormones, vasoactive intestinal peptide, corticosteroids, m T^^Iatonin, tacrolimus,, 
mycophenolic acids, and derivatives thereof. . 

89. The method of claim 85, wherein the ratio of albumin to pharmaceutical 
agent in the pharmaceutical composition is about 12: 1 or less. 

90. .Themethodofclaim85, wherein the ratio of albumin to phannaceutical 
a^nt in tiie phannaceutical composition is about 9:1 or less. 

91. A pharmaceutical composition comprising a phannaceutical agexA and a 
phannaceutically acceptable carrier, wherein the pharmaccntically acceptable carrier 
cominises a protein in an ampunt effective to reduce one or more side effects of 
administration of tiie pharmaceutical composition into a L jraan, and wherein the ratio of 
protein to phannaceutical agent is about 1 8: 1 or less. 

92. The pharmaceutical composition of claim 9 1 , wherein the ratio of protein to 
pharmaceutical agent in the pharmaceutical composition i:^ ^bout 12:1 or less. 

93. . The pharmaceutical composition of claim 9 1 , wherein the ratio of protein to 
pharmaceutical agent in the pharmaceutical composition - ■ bout 9:1 or less. 
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